FROM. REPUBLICS 
CENTRAL ALLOY PLANT 


REPUBLIC STEEL CORPORATION 


CAME THE FIRST HEAT OF 
NICKEL - MOLYBDENUM STEEL 


oo time you specify S.A. E. 4615 
or any other steel in the Nickel- 
Molybdenum series, remember: 


—S.A.E. 4615 and the other steels 
in this group were first produced 
in the Central Alloy plant of the 
Republic Steel Corporation. Devel- 
oped to meet specific conditions in 
the automotive field, they were in- 
troduced to industry in 1922 as Aga- 


A 


MASSILLON, 


thon Alloy Special Analyses Steels. 

Markedly superior to the composi- 
tions previously used for the same 
applications, these Agathon Specia! 
Analyses Steels won recognition. In 
1926 they were accepted as stand- 
ard and included in the S. A. E. 
classifications. 

Republic Metallurgists are ready to 
work with you in the development of 
an analysis to meet your conditions. 
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PRECISION 
PERFORMANCE 


Aves AID in contributing to BRISTOL’S Steel Treating Equipment regula; 


the more exacting standards and administrates the temperature and other co: 
which the art of heat treating is pre- ditions, changes, factors and operations in « 
scribing tor temperature measurement heat treating process. It systematizes producti; 


is BRISTOL'S Indicating, Recording and Control in strict accord with the prescribed aia 


Equipment. Hit-or-miss results are abolished. 


Already prominent concerns in many lines are Ihe models shown are so complete, comprehen. 


enlisting the new designs, improvements and sive and diversified in design that they pern 
a refinements which BRISTOL has pioneered. the selection of the one best system or cont 


These new models guard quality, rout rejects, tor any particular installation. Feel tree to consul: 
and achieve the high degree of heat treatment us. There is no obligation to do anything furthe: 


precision which BRISTOL’S accuracy and sensi- THE BRISTOL COMPANY WATERBURY 
Branch Offi Akron, Birmingham, Boston, Chine, D 
tivity alone make possible. Los Angeies, New York, Philadelphia, Pittsburgh, St. Louis, 
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CYANIDES 


Should Be Bought 


SODIUM CYANIDE CONTENT 
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HE active ingredient of the Cya- 

nide bath for steel treating is 
Cyanogen. This is no secret, conse- 
quently there should be no secrets 
about the composition of materials 
sold for making a Cyanide bath. And 
there are no secrets if the Cyanides 
are purchased on their Sodium Cya- 
nide content, the amount of active 
ingredient available for steel treating. 


R & H CYANIDES have always 
been sold on the basis of Sodium 
Cyanide content. They include 
CY ANEGG, Sodium Cyanide 96-98%, 
and three other mixtures made of 
this pure cyanide and the usual other 
ingredients. These mixtures are 75% 
Cyanide Chloride Mixture, 45% 
Cyanide Chloride Mixture and 30% 


R & H Case Hardener. Each con- 
tains a definite amount of Sodium 
Cyanide. And every shipment is 
guaranteed to be of the same un- 
varying quality. The purchaser of 
Cyanides knows exactly what he is 
buying when he specifies R & H 
CYANIDES. 


Not only is there economy in using 
these Cyanides of definite strength— 
but of equal importance is the fact 
that they make possible the accurate 
and definite preparation and control 
of the steel treating bath, an added 
assurance of uniformly treated work. 


To those interested in the use of 
Cyanides for steel treating we offer 


a copy of “Heat Treatment of Steels 
with Cyanides and Salts.” 


We shall be glad to have you visit us 

at our Booth C-33 at the National 

Metal Congress and Exposition at 
Buffalo, October 3 - 7. 


THE ROESSLER & HASSLACHER CHEMICAL CO. 


INCORPORATED 
EMPIRE STATE BUILDING, 350 FIFTH AVENUE, NEW YORK,N. Y. 
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Growth in 17220-In. Ingot of 18 


s Slow and Careful Reduction to Bille 


Columnar Crystalline 


Steel Require 


p 
R. Johnson 
) 
R. Sergeson 
fetallurgical Dept. 
<epublic Steel Corp. 


a specialized 


Mill Practice 


for the 


stainless steels 


IN THIS PAPER, which was 


prepared for discussion at 


Abstract of a 
paper for Buf- 
falo Conven- 
tion, ABD. 
October, 1932. vention, A.S.S.T., the authors 
Written dis- 
cussion invited 


the forthcoming Buffalo Con- 


endeavor to describe the 
practices within the Central 
Alloy District of their own 
organization, especially for manufacturing sheet 
and strip. In order to keep this abstract within 
bounds, the portion relating to melting is very 
much abbreviated. 

The term “stainless steels” includes the 
whole range of alloys, cutlery, low carbon anal- 
yses, and complex heat resisting types. For 


OCTOBER, 1932 


simplicity they may be placed in four groups, 
each having varving carbon contents: 

Group 1, Low chromium (10 to 14). 

Group 2, Medium chromium (16 to 50°). 

Group 38, Chrome-nickel (18-8). 

Group 4, Chrome-nickel plus other alloy 
additions. 

These alloys are applicable to definite 
needs; depending on conditions the groups 
noted will be satisfactory to resist the following 
tvpes of attack: (A) Atmospheric corrosion, 
groups 1, 2, and 3; (B) Immersion or liquid 
corrosion, groups 2 and 3; and (C) Scaling at 
elevated temperatures, groups 2, 3, and 4. 

Electric furnaces are necessary to melt the 
easily oxidizable metal chromium. Are fur- 
naces of the Heroult type are usual. Selected 
scrap, with nickel if required, is melted, the 
slag removed, a non-oxidizing slag made up 
(lime-silica for basic furnaces, silica for acid). 
Preheated ferrochrome is then added in two or 
three charges. When this is melted ferrosilicon 
and ferromanganese are added and the temper- 
ature adjusted carefully for teeming. 

Induction furnaces, such as the Kjellin type, 
where a circular ring of molten metal forms 
the secondary of a single-phase transformer, 
are also in use. Some of the metal in each heat 
is retained to carry the current at starting. Our 
furnace operates at 800 kw. at 857 evcles. 
Natural gas forms a reducing atmosphere. 9000 
lb. is tapped every 3 hr.; a month’s production 
figures slightly more than 1 ton per hr. Over 
1000 heats have been cast from the same hearth, 
made from fused magnesite rammed with pitch. 

The well-known high frequency induction 
furnace is also popular. Furnace capacities 
were originally small, but now one producer 
owns a 4-ton furnace. 

Either type of induction furnace is ideal 
for melting stainless scrap. Any of the stain- 
less steels can be made in them, and it is 
believed that the 18-8 alloy from an induction 
furnace shows different characteristics. 

Another method having several modifica- 
tions can be used: These reduce chrome ore by 
ferrosilicon, or oxidize the carbon from high 
carbon ferrochrome. 

Ingot weights are generally below 5000 Ib. 
A 20-in. fluted round will be suitable for bars 


and piercing tube rounds, and a 17x20-in. rec- 
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tangular ingot for slabs or flat products. Groups 
1 and 2 absorb moisture readily, both in the 
furnace and during pouring, giving off gases 
during solidification and thus causing the metal 
to rise in the ingot. Pouring temperatures are 
quite important; the 25 to 30° Cr alloy is the 
hardest to handle, for the columnar crystals 
may become very large, and these and the com- 
plex group 14 alloys should be cast into smaller 


ingots for forging. 


Pickled Cross-Section of Sxt14-In, Billet of High Alloy Steel, Forged From a 13x16-In. Ingot. 


oA 
24.7 


Cr, WNi. Proper rolling produces 


Conventional hot tops can be used to feed 
the body of the ingot. A characteristic ingot 
structure of 18-8 is shown on the frontispiece. 
In the medium chromium steels the columnar 
crystals extend only part way to the center, 
which is filled with equi-axed material. All 
tvpes must be handled intelligently. 

The low and medium chromium steels up 
to 20°, 


be rolled direct from the ingot. 


Cr and the chrome-nickel group may 
The complex 
be 


allovs and the 28. chromium steels must 


forged into a billet. In all cases the rolling and 


forging ranges are narrow and a knowledge 
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of the starting temperature is essential. Pyro 
metric control is a necessity. 

In heating it is preferable to charge ingots 
“red” hot to gas-fired regenerative soaking pits 
with the fire off, both for a practical reason, 
because it eliminates the danger of rupturing, 
and for an economical reason, because of the 
time saved. The thermal conductivity is low. 
Therefore extra heating time is necessary, vet 


too long heating enlarges the surface grains and 


Analysis: 0.15 C€, 


a structure in slabs, similar to that shown opposite 


makes the metal susceptible to surface crack- 
ing and checking. When reheating colc ingots 
normal procedure will suflice with the austen- 
itic types, but extreme care must be taken with 
the straight chromium types, due to their low 
ductility. After brief soaking in the hot pits, 
the fire is turned on and the ingots heated 
slowly. Steels of group 3 require approximately 
10 hr. for a 20-in. round ingot from the time 
F.). 


Groups 1 and 2 require approximately 15 hr. 


of charging “red” till ready to roll (2300 


for the same size to go to 2225° F. All stainless 


steels are slow scaling, hence the long heating 
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riods do not introduce difficulty in this re- 
pect from a long time at heat. 


Blooming and Forging 


On the blooming mill light initial drafts 
will avoid rupturing the corners or tearing the 
skin. Such defects do not heal with further 
working. Much depends upon the skill of the 
operator; he must watch the product carefully, 
especially the plain chromium steels. It is at 
times necessary to stop rolling and reheat the 
partially broken down ingot. 

Ingots of complex alloys of group 4 and the 
25 to 30°¢ chromium steels must be reduced 
by forging. The heating periods are slightly 


longer and the forging temperatures approxi- 


(or ground) to remove all defects. The heating 
temperatures for rolling are generally lower; 
for example, low and medium chromium steels 
are rolled at 2050° F. or under while the 
chrome-nickel and complex group are rolled at 
2250° F. plus. After each rolling it is necessary 
to recondition the surface by pickling and chip- 
ping (or grinding), since these steels scale but 
little, and any slivers, scabs, or scratches pro- 
duced in one rolling would carry through and 
produce greater defects. 

Slow speed hand mills in good condition, 
such as used for tool steel bars, are better than 
continuous trains. It is impossible to roll stain- 
less steels with the same set-up used for carbon 
or alloy steels, since stainless tends to spread 


in the rolls, requires tighter guides, and tends 


Cross-Section of 3-In. Slab of 18° Cr Steel, for Rolling in 
Sheet Mill, Shows That Ingot Structure Has Been Eliminated 


mately 50° F. lower than respective rolling tem- 
peratures. Ingots 13x16 in. can be reduced on 
first heating to 121x151. in. under a hydraulic 
press. The reduction may be the same after 
the second heating or it may be raised to 1 in, 
on a side. All depends on how the respective 
analyses behave in the judgment of the oper- 
ator. After the ingots have been reduced 25°, 
of their original cross-section, heavier reduc- 
tions may be made with no fear of rupturing 
surface or corners. Finishing temperature va- 
ries with analyses from 16007 to 19007 F., it is 
high owing to the high strength of the stainless 
steels below this range. 

Once the ingot has been broken down to 
slab or billet size all analyses may be rolled, 


but first the surface must be pickled and chipped 
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to build up scale on the guides which soon mark 
the bar. 

Bars must be rough turned before being 
heated for piercing, for example, a 5!,-in. round 
to 5 in. Removing 0.015 in. is general practice 


in centerless grinding when the trade demands. 


Sheet Rolling 


If a substantial tonnage of one size of sheet 
bar is required, the bar mill or universal strip 
mill will be selected for rolling it. For smaller 
lots it is better to roll plate or slabs on the “job- 
bing” mill and cut it up into sheet bar sizes. 

Previous to rolling it is essential that the 
surface be chipped and ground to remove all 


defects, pits, cracks, or slivers. Heating fur- 
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Single-Phase Ring-Type Induction Furnace Has Produced High Chro- 
mium Steels at the Rate of One Ton Per Hour in Long Campaigns 


naces must be clean and free from dust and 
dirt. They are usually gas fired and slightly 
reducing to keep scale to a minimum. Due to 
the low heat conductivity of the stainless steels, 
the heating time is usually from 1', to 2 times 
that for common steel. Usual starting temper- 
atures for rolling of slabs are: 

Low and medium chromium steels, 1800" F. 

Chrome-nickel steels, 1800 to 1900° F. 

Complex alloys of group 4, 2000° F. 

Water under pressure is used to keep sur- 
faces clean in the roughing passes. Plates are 
flattened while hot and generally sheared into 
sheet bar sizes while still warm (especially the 
low and medium chromium steels, which are 
decidedly more brittle at room temperature 
than at 300° F.). 


Cleaning Sheet Bar 


Sheet bar thus produced is pickled in 10‘, 
H,SO, at 150° F. and ground free from any 
defects. Sometimes it is necessary to add a 
little HCl to loosen the mill scale. Sand-blasting 
is also employed at times to clean the surface, 
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followed with a light pick! 
to bring out defects whic 
must be ground out. 
Heating or rolling 
equipment is essentially thy 
same as for common steels 
Production from the 
standard rolls is about on« 
third that which could by 
obtained when rolling com 
mon steel sheets. One rea 
son for this is that only a 
limited number of passes 
can be made before the 
stainless steels must be re- 
heated. Furthermore, the 
reduction per pass is gen- 
erally from 14 to 16° for 
stainless as compared with 
25‘. for soft steel. Its roll- 
ing must still be considered 
an art. Starting and finish- 
ing temperatures are listed 
below. 
Starting 
Temperature 


Finishing 
Temperature 


Group 1 1500° F. 1200 
Group 2 16° Cr 1500° F. 1200° 

30% Cr 1800° F. 1500 
Group 3 1850° F. 1650 
Group 4 2000° F, 1800 


Thus the straight chromium types (groups 
1 and 2) employ relatively low temperatures 
to obtain a fine grained finished product which 
will anneal to maximum ductility. They do not 
harden by cold work as readily as the austenitic 
and higher alloved products, hence, they can 
be finished to a much lower temperature with- 
out cracking or other defects. 

The low and medium chromium steels, if 
the carbon is under 0.127, may be air cooled 
from their annealing temperature, which is 
1400 to 1550) F. Hence they may be annealed 
in a continuous furnace. It is necessary to 
furnace cool or box anneal steels with carbon 
012°, and over to prevent martensitic areas. 

Austenitic 18-8 steel is usually annealed at 
1900° F. It is air cooled up to 16 gage and water 
quenched in this gage and heavier, whereupon 
all carbides should be in solution and the metal 
have a completely austenitic structure. 
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Treatment of the complex alloys depends 
pon their use and method of fabrication. They 
avy or may not be annealed. If annealed the 
mperatures are high, usually 19000 F. 

Annealing produces a scale on all analyses 
hich is more diflicult to remove. The usual 
tickle is 10 to 15‘, plus to 25% HC) 

(both by volume) at 165° F. If this does not 
remove all the scale the sheets are scrubbed 
md again pickled in a milder solution of HC] 
plus HNO., or 10° TINO, plus 1!.°) HF at 130 
FP. Regardless of what solution is used, it is 
essential to finish with a dip in dilute nitric 
acid (10% by volume at 130° F.) to produce 
a passivated surface. 

To produce a better surface for polished 
and decorative work it is necessary to reduce 
the sheet one or more gages in a cold mill. 
fhe ordinary sheet mill cold mills will not 
accomplish this, and it is necessary to use a 
cluster four-high mill or its equivalent. The 
tvpe used in our mill has two very hard steel 
rolls lf in. diameter and each of these is backed 


up with two 27-in. rolls. It is general practice 


Three Four-High Mills Placed Tandem for Cold 


to reduce 10% in gage, re-anneal, pickle, cold 
roll on ordinary cold mills, and roller level. 
For still flatter sheet it is necessary to stretcher 
level. This is followed by a rigid inspection 
for surface, gage, physical properties, cup duc- 
tility, special tests. The above cold reduction 


may be repeated after annealing as desired, 
Strip Rolling 


Slabs, with proper surface preparation, are 
sent to a hot strip mill for rolling into coils. 
In our operations, the slabs are usually 3 in. 
thick, 8 in. to 15 in. wide, and length to make 
100 ft. of finished strip. 

Slabs are heated continuous pusher 
furnaces, and covered prevent oxidation, 
Medium chromium steels should be heated no 
higher than 20007 F., to keep grain growth to 
aminimum. Others can be heated to 21500 F. 

Slabs are broken down in a 21-in. reversible 
2-high universal mill with vertical rolls. Cor- 
rect reductions per pass are quite important 


to obtain the best surface and edge conditions. 


Rolling Stainless Strip, Looking at Ewit Side 
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It is also advisable to have suflicient steam or 
water pressure to clean off scale. 

Reductions for 3-in. slabs shown the 
table at the head of page 27 are varied because 
of size and other conditions. Wide widths of 
chrome-nickel must be finished heavier, as this 
analysis cold works easily and requires consid- 
erable power for rolling. 

Some alloys of the complex group 4 can 
be rolled into strip, but others (such as 25° 
Cr, Ni, W, or 25°. Cr, Ni) are too 
stiff and the edges crack badly due to narrow 
working ranges. 


These alloys scale very little, and every 


Instrument Cabinet at Providence Hospital, De- 
troit, Fabricated by F. O, Schoedinger, Columbus, 
Ohio, of Enduro Sheet With a Mirror Finish 


precaution must be used to prevent scratching 
as the bare metal is very susceptible to pen 


trating scratches and to galling on guides. 
Cold Rolling 


Hot rolled coils are first annealed and 
pickled. The low chromium steels can be box 
annealed in coils or annealed in a continuous 
furnace. Temperatures of 1420 to 1480° F. will 
be satisfactory for steels with 012°. max. ( 
and 12 to 14% Cr and will produce hardness 
in the neighborhood of B-90 to 95 after contin- 
uous annealing. Annealing again at the same 
temperatures will soften further. Finally after 
several annealings and cold rolling, an anealed 
hardness of B-80 to 82 will be obtained. 

When the chromium is kept between 11.5 
and with carbon 0.12 or the an- 
nealed hardness is slightly higher, but usually 
this range is desired for purposes which require 
full hardness, such as cutlery and other tools. 
By giving the strip a continuous normalize and 
then pickle, a high Rockwell of C-40 to 45 will 
be obtained. A slight cold roll pass will raise 
the hardness and improve the finish. 

The medium group with 16 to 18%. Cr is 
very popular in the automotive trade and has 
the largest demand in strip form. Annealing 
temperatures in the continuous operation are 
approximately 1550° A’ 30-ft. furnace is 
used, natural gas fired directly into the heating 
chamber with temperature control at each end. 
Annealed coils are pickled in either 15% HCl 
at 140° ~F., or 8 HNO, plus 1‘. HF at 120 to 


through a series of rolls covered with emery 


Pickled strip is quite often passed 


paper to remove any remaining scale and small 
slivers or minor imperfections. 

Chrome-nickel steels and complex steels 
are anealed at a temperature in excess of 1850 
F. and pickled in the same manner. 

The annealed and pickled coils receive the 
first cold passes through a tandem mill of three 
four-high mills (page 25). Two of them have 
$2-in. back-up rolls and 15x20-in. work rolls. 
The third has 24-in. back-up rolls and 9-in. work 
rolls. Elaborate electrical equipment easily 
adjusts the milis either singly or together, and 
controls the tension between mills. Special 


coiling arrangement on spools handles the coils 
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Stee/ Reduction in Passes on M 
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Ist | 2nd 5rd | 4th 5t bth th | | 1266 
+ +> + 
i? to 14% (7\ 0.50 | 0.60 0.40 | 0.40 0.30 | 0.25 | 020) 0.13 | 0.08 
16 to 18% C-| 0.50 | 0.50|0.40} "ried tomect 95 to 0.195:in 
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for a second pass through the mill, or to the 
innealing furnaces. 

Two passes through the tandem arrange- 
ment make a total reduction exceeding 30' 
lypical passes for 16 to 18° Cr steel, starting 
with 0.195x8-in. strip, are 0.165, 0.135, 0.130, and 
0.110, 0.100, and 0.095 in. 

Coils are then annealed continuously 
through a 20-ft. furnace, gas fired, with a car- 
borundum muffle. Atmosphere is sometimes 
controlled to permit proper pickling, which is 
done continuously before the strip is coiled 
ready for additional work. 

Such cold rolling will be repeated through 
the tandem mill to a gage which will permit 
final passes through a two-high mill having 
highly polished rolls to bring up the best pos- 
sible surface texture. Final anneals will be 
through the short muffled furnace, using tem- 
peratures of 1450) F. for the 12 to 11. Cr, 
1500 to 1550) for the 16 to 18% Cr, and in ex- 
cess of 18500 F. for 18-8. 

The trade demands strip which will polish 
by buffing when the gage is below 0.030. in., 
while heavier gages will require grinding prior 
to buffing. For this reason the utmost care is 
needed throughout all operations to prevent 
surface defects. 

The chrome-nickel grade has a varied de- 
mand, including soft and hard tempers. Since 
high physicals can be produced by cold work- 
ing, it is possible to meet a demand requiring 
200,000 Tb. per sq.in. tensile, with corrosion re- 
sisting properties and other desirable character- 
istics. While these tensile values are high, the 
true elastic limit is very low, so that the en- 
gineering applications of hard temper varieties 
must be carefully analyzed. 

The 25 to 380% Cr range has been cold rolled 
into strip, but the presence of free carbides 
makes it difficult to cold roll gages under 0.035 
in. The working rolls become badly marked 
ind worn after several passes. 


An important operation in the production 
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of stainless materials is polishing to different 
finishes of varied luster to meet trade require- 
ments in different industries. This is a subject 
in itself, and has been discussed by C. C. Snyder 
in Mera ProGress, February, 1931. 

In conclusion it may be said that acceptance 
standards have been constantly raised, thus con- 
tinuing to present new handling problems to the 
manufacturer which means a continual change 
in methods of manufacture. Therefore, these 
products will receive a great deal of attention 
by the producer. This means the development 
of special equipment, and of especially skilled 
crews devoted solely to the production of these 
alloys, since there is a good potential market, 
and the necessity of making the product cheaper 


and better is constantly in the foreground. 


Phote by Hrowning, New York 
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President, Cleveland 


[ Jorner 


Cutter & Reamer Co 


Heat Treating 


im the specialty 


tool plant 


RECENT developments in heat treating 
equipment have been the subject of num- 
erous articles published in the technical press. 
Many have treated the subject from a scientific 
standpoint, giving the results of heat treatment 
under various combinations of time, temper- 
ature, and furnace atmosphere. Other papers 
have dealt with methods of heat treating metals 
on large scale production. For example: a most 
interesting article by David A. Nemser appeared 
in last February’s Merat Progress. It described 
the heat treatment of small tools in the large 
and modern plant of Pratt & Whitney. 
Much of this published material, whether 


written from the viewpoint of the researcher, 
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metallurgist, or production manager, seems t 
leave the impression that the highest grade « 
heat treatment is reserved for large scale pri 
duction work and in the larger plants. This im 
pression is not true. To prove this last stat 

ment this article will describe methods and 
equipment used by the Cleveland Cutter 

Reamer Co.. manufacturer of a wide variety of} 
small tools used in the metal working industries 

A great diversity of tools are heat treated 
in this plant, ranging from !x,-in. end mills t 
12-in. cutters; from small chasers weighing less 
than an ounce to reamers weighing as much as 
Ib. The materials may be high speed steel, 
oil hardening steel, or water hardening tool 
steel The work is, therefore, very similar to 
that described by Mr. Nemser; the materials ary 
essentially the same, and the qualities desired 
in the finished tools are the same. Accuracy, 
hardness and toughness are required by the 
purchaser of the tool; accuracy, to turn out a 
standard product; hardness, to give the prope! 
culting ability; and toughness, to enable the tool! 
to stand up under shock. These three charac- 
teristics are functions of the steel used, the ma 
chine work done on it, and the nature of the 
heat treatment given with respect to the furnace 
temperature, furnace atmosphere and the length 
of time the tools are held at temperature. 

The manufacturing problem at the Cleve 
land Cutter & Reamer Co. and = similar tool 
shops differ radically from those of larger plants 
(which might be termed tool production plants). 
In the smaller shops there is an infinite varicty 
of work which must be produced with a limited 
amount of equipment, and after a limited 
When a rush 


order calls for only two tools of a given specifi 


amount of experimental work. 


cation and no further orders for such tools mays 
be expected for a vear or more, it is impossibl 
to spend much time or money seeking for th 
ideal material and heat treatment for that pat 
ticular tool. On the other hand, these tools mus! 
meet the highest standards of accuracy, cutting 
quality and durability. 

To meet these high standards, it is neces 
sary to use the proper steel, fabricate the too! 
to the required accuracy, and give it a heat trea! 
ment that will produce the required characte! 
istics of hardness and toughness, and at tly 


sume time retain that accuracy. This means 
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nong other things, that the heat treating equip- 
rent must be accurately controlled as to time, 
mperature and furnace atmosphere. In ad- 
ition, it must be sufliciently flexible to enable 
ne man, with one set of equipment, to heat 
reat a wide variety of tools during the day, and, 
by following simple instructions, to turn out, 
consistently, uniformly high quality tools. 

There is no type of heat treating equipment 
that can eliminate the need of a skilled tool 
hardener. However, the experience of the 
Cleveland Cutter & Reamer Co. indicates that it 
is possible to install heat treating equipment 
which will make it easy for the heat treater to 
turn out high grade tools at all times. Through 
the use of such equipment the small production 
tool-maker can completely control his furnace 
conditions, and can take full advantage of the 
metallurgical advice of the steel manufacturer, 
and the findings of metallurgical research in 
general. He can also profit by his own experi- 
ence, in that he is able to duplicate, at will, any 
heat treating operation which produced a tool 
of exceptional quality. 

The search for heat treating equipment that 
would meet these conditions resulted in the 
choice of electric furnaces. The installation con- 
sists of three box-type furnaces and a vertical 


drawing furnace. A plan of heat treating de- 


partment is shown on the next page. Two of 
the box-type furnaces, a large one and a small 
one, were designed and are used for hardening 
high speed steel. The large furnace has a door 
opening 8x12 in. a chamber depth of 18 in. and 
a variable power input with a maximum of 37 
kw. The small furnace, used only when small 
tools are in production, has a working space 4x 
8x12 in. and a variable power input with a 
maximum of 20 kw. Both are equipped with 
Globar electric heating elements. The third 
box-tvpe furnace, which is used for preheating 
high speed steel and for hardening alloy and 
carbon steels up to 1850 F., is equipped with 
metallic electric heating elements and has a 
door opening 8x12 in., and a chamber depth of 
27 in., and has a fixed power input of 15 kw. 
The vertical drawing furnace is of the Leeds & 
Northrup convection type, having a basket 14 in. 
diameter by 14 in. deep. 

The temperature of these furnaces is auto- 
matically controlled and the instruments and 
control panels are conveniently located. The 
relative sizes of the furnaces are such that only 
one of the high temperature furnaces need be 
operated at a time, depending on the size of the 
pieces being hardened. A double throw switch 
transfers the power and thermocouple leads 


from one furnace to the other. One control in- 
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strument and voltage 


naces at the Cle, 


regulating transformer S7-hw hail Electric O land Cutter & Ream 
is therefore suflicient Gas Furnaces Spece Droheat plant, the source 
for both furnaces. This Lead bath heat Globar ek 
is an economical ar- Shop Soeed Salt Bath tric heating elemen 
rangement and simpli- O ‘Cum O > in the high tempe: 
fies the shop wiring. duench ature furnaces and 

All three of the nickel-chromium 
box-type furnaces were Sand sistors in the others 
manufactured by C. 1. is independent of 
Haves, Inc. and are Compact Heat Treatment Plant for </§ the atmospheric con 


equipped with their 

“Certain Curtain” at- 

mospheric control, which enables the operator 
lo maintain a desired or specified furnace 
chamber atmosphere. The latter feature con- 
sists of a small combustion chamber under the 
throat, separated from the main work chamber, 
in Which the proper gas mixtures are burned to 
produce the desired atmosphere in the furnace. 
The products of combustion leave the com- 
bustion chamber through a slot in the floor of 
the throat, to form a gas curtain across the door 
opening and to fill the furnace chamber. Natural 
vas from the city mains and air from a small 
blower are fed into the combustion chamber 
through pipes equipped with regulating valves 
and manometers to control and indicate the 
relative flow. When the furnace is at working 
temperature, the small combustion chamber ts 
above the ignition point of the mixture of gas 
and air, and the nature of the products of com- 
bustion may be controlled by varving the rela- 
tive flow of gas and air. 

The need for controlled atmosphere has 
been known for many, many vears. In the past, 
the heat treater has altered his furnace at- 
mosphere in various ways — calling it “rich,” 
“lean” “hazy” or “smoky.” In fuel-fired fur- 
naces this has been done by adjusting the bur- 
ners or dampers. Since the same burners were 
used both for maintaining furnace temperature 
and for controlling furnace atmosphere, inde- 
pendent control of these important features was 
impossible. Each operation, therefore, resulted 
in a compromise between ideal atmospheric 
conditions and ideal temperature conditions in 
the furnace. 

It is a matter of experience that different 
types of steel require different temperatures 


and atmospheric conditions. With the new fur- 
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trol. Thus the fur 
nace atmosphere may 

be adjusted without in any way affecting th: 

temperature in the furnace chamber. 

The correct furnace chamber atmosphere ts 
obtained as follows: Each furnace is brought 
up to working temperature and a series of gas 
analyses made for various settings of the gas 
and air valves. The plotted data for one of thes: 
furnaces are given in the figure on page 31. Thy 
air was set at a manometer reading of 3 in. and 
the gas pressure was varied. 

With the gas manometer reading @ in. ther 
is approximately 10% of CO and 51s of CO. 
with no oxygen. This would be excellent for 
treating high speed steel at 2550) as it has 
been found that an atmosphere relatively high 
in CO prevents sealing, decarburization, and 
burning of the delicate cutting edges of the tool 


Experience has also shown that tools heated in 


Rough Surface From “Reducing” Atmosphere 
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ich an atmosphere have, 


many cases, qualities 


10 
hich do not seem to de- 
nd simply on the clean & 4 
obtained. For in- 
stance, Microscopic investi- 46 
‘ations indicate that grain & 
a 
rowth in high speed steel iS 
s retarded when the steel €& 2 


is heated in an atmosphere 


A very important ad- 
vantage of this’ feature, 
especially in small plants 
where the skilled worker ts 
called upon to handle a 
great diversity of work and 
a large measure of the de- 
partmental supervision, ts 
that the heat treater is en- 


tirely relieved of the strain 


high in CO and CO., o* - r ” of watching each tool in the 
Similarly, it has been white hot furnace. Absence 
found that) carbon. steels, tmospheric Conditions in High Speed of the fatigue incident to 


Furnace, Heated 
and the oil hardening al- 


lovs in the temperature 
range between 1190) F. and 
should be heated 
in an atmosphere entirely free from CO. This 
is assured by setting the valves to vield a small 
amount of oxygen. On a curve for this tem- 
perature range, similar to the one shown, the 
setting would be at a manometer reading of 3 
in. for both gas and air. In practice, it has been 
found that one curve for each furnace, made 
within the average working temperature range, 
is sufficiently accurate for the hardener’s use. 
Experience, with the equipment described, 
has demonstrated that tools may be left in the 
furnace longer at soaking heat without danger 
of the “burning” so feared by the heat treater 


when using fuel-fired equipment. 


Smooth Surface From Controlled Atmosphere 


Rlectris ally fo 2350 
When the Auxiliary Air Is Main- 
tained at 3 In. Pressure and the Auvili 
ary Supply of Natural Gas Is Varied 
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such strain materially 
raises his efliciency and is 
reflected in a greater uni- 
formity of product. 

Let us take a typical dav’s work and follow 
it through the hardening room to study the use 
of this equipment. It will include several types 


of steel and a wide variety of shapes and sizes: 


Hligh Speed Steel 
Ox 's-in. Side Milling Cutters 
3x h-in. Plain Milling Cutters 
l-in. diameter No. 9 Shank End Mills 
',-in. diameter No. 5 Shank Spiral End Miils 
'S-in. Straight Shank End Mills 
3x3-in. Spline Shaft Hobs 
$x4-in. Spur Gear Hobs 
3x2-in. Thread Milling Cutters 
1',xt8-in. Line Reamers 
1',-in. diameter T-Slot Cutters 
10x 18-in. Metal Slitting Saws 
3-in. diameter by 15-in. Taper Reamer 
sX'yx2-in. Reamer Blades 
x2'2-in. Inserted Cutter Blades 
{x2x6-in. Dovetail Forming Tool 


Semi High Speed Steel 
2x1',-in. Roll Turning Plugs 
Carbon Steel 


2-in. diameter by 10-in. Arbors 
f-in. diameter by 5-in. Pilot Bushings 


Oil Hardee ning Wiley Steels 


Cutter Arbors 4-in. diameter by 8-in. long 
Holders 3-in. diameter by 10-in. long 

Cutter bodies 12-in, diameter by 2-in. thick 
Reamer Bodies 4-in. diameter by 3's-in. long 


After delivery to the hardening room, the 
work is grouped according to size and variety 
of steel Since there are several large high 
speed steel pieces in this dav’s work, it is neces- 
sary to use the larger furnace. Earlier in the day, 
this and the preheat furnace have been brought 
up to 2550) and respectively. Each 


group, by size, is then put into the preheat fur- 
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nace, so arranged that the bulkier pieces, re- 
quiring more time, are in the back part of the 
heating chamber. 

After they are preheated, the tools are 
transferred to the high temperature furnace, 
brought up to temperature, and quenched. The 
correct atmosphere for the type of steel being 
heat treated is automatically maintained in both 
furnaces. 

When the last of the high speed steel has 
been removed from the preheat furnace, the 
control instrument on this furnace is reset to the 
temperature specified by the steel manufacturer 
for the next type of steel to be hardened. If 
this type of steel calls for a change in the 
furnace atmosphere, the atmospheric control 
valves are adjusted to give the proper manom- 
eter setting. The work is then hardened and 


quenched in the proper medium. 
Night Operation Economical 


All tools after being quenched are placed 
in the electric draw furnace and brought up to 
drawing temperature. This furnace, as well as 
the other furnaces, is controlled by Leeds & 
Northrup instruments. By using the draw fur- 
nace at night, under entirely automatic control, 
it is possible to balance the electric load and 
keep the demand charge down to a minimum; 
aomatter of importance to the owner of a small 
plant. This is one of the many ways in which 
economies can be effected. 

After drawing, the carbonized oil is’ re- 
moved from the tools by mud-blasting, sand- 
blasting, or pickling. They are then passed on 
for final inspection. This inspection consists 
of a Rockwell hardness test, a file test, complete 
check of the dimensions by micrometers and 
gages, and 10-diameter projection of thread-cut- 
ting tools to check the form and dimensions to 
tenths of thousandths of an inch. 

Teeth of typical thread milling cutters are 
not ground, so it is necessary to control the di- 
mensions and form of such tools within very 
close limits during the entire sequence of manu- 
facturing and heat treating operations. It is 
only possible to do this consistently with the 
proper type of equipment, with respect to both 
forming and heat treating. Such cutters are 


given a most rigid inspection before leaving the 


manufacturer, and again by the customer } 
fore acceptance. Dimensional variations f. 
each lot are carefully plotted and all must fa 
within the very close limits required. 

Here we see the importance of proper hea 
treating equipment to the small plant. Most o! 
the orders consist of only a few tools of a given 
kind, and any which do not meet the specifica 
tions constitute production losses. When ther: 
are only one or two pieces of each kind on an 
order, it is ruinous to lose even one piece in 
process. In quantity production, one may allow 
for a certain number of pieces being off stand 
ard. In small quantity special tool work this 
would mean the rejection of a large portion of 
an order, resulting in delay to the customer and 
a loss to the manufacturer. 

Figures on pages 30 and 31 show two simi 
lar tools, one of which was hardened in the old 
fuel-fired furnace, the other in the Haves “Glo 
bar” equipped furnace. They may be taken as 
typical examples of each system of hardening. 
“Blistering” and consequent loss of form of the 
tool, that is encountered when heat treating in 
fuel-fired equipment, has been entirely elimi- 
nated in the eleciric furnace with atmospheric 
control. 

Two of the new box-type electric furnaces 
obsoleted four fuel-fired furnaces and while two 
of the latter are still in place, as shown in th: 
plan, they have not been used since the installa- 
tion of the new furnaces, This is largely due to 
the simplicity of operation, production effi 
cleney, climination of rejections, im proved 
working conditions and accuracy of control in 
herent in the new equipment. It is for thes 
reasons that even the smallest plants should be 
properly equipped in their heat treating as well 


as in their manufacturing departments. 
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Heating Steel 


for Forging 


furnaces & 


operations 


Abstract of a SUCH a broad subject as 
paper for Buf- 
falo Conven- 
tion, A.S.S.T., 
October, 1932. to two portions 
Written Dis- remarks by the first of the 
cussion Invited 


“Heating Steel for Forging” 
may logically be divided in- 


(a) some 


authors on modern furnace 
design and control and (>) 
some notes by the co-author on the speed at 
which steel will absorb heat. 

Earlier forge furnaces were very ineflicient 
machines. Most of them are still unsightly, but 
the designer has greatly increased their efti- 
ciency; even in the batch type this may be some- 
where between 15 and 20°7. Such low efficiency 
is due to loss of heat in flue gases, which in fur- 
haces at 2200 to 24007 F. 


total heat liberated by the fuel. 


is about half of the 
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In order to save some of this the continuous 
type of forging furnace has been developed. In 
them the products of combustion are carried out 
through some type of refractory tunnel through 
which the cold steel is entering and moving in 
the opposite direction. The steel is gradually 
heated, and the hot gases give up a greater por- 
tion of their heat. It is easy to take further heat 
from the gases by recuperators, and thus pre- 
heat the air used for combustion. The much 
lower temperature of the products of combus- 
tion and the reduction of heat losses by “black 
body radiation” through openings (in continu- 
ous furnaces as compared to batch furnaces) 
account for the increased efliciency. 

However, the batch or in-and-out type of 
furnace is far commoner, particularly in shops 
which handle a large variety of steel sizes and 
shapes, and in such quantities as not to have 
special furnaces for certain parts. This classi- 
fication includes those furnaces where the entire 
interior is the hot zone and also those in which 
the stock is passed mechanically from one side 
to the other. Most rotary furnaces also are batch 
furnaces rather than continuous furnaces, for 
their principal feature is mechanical handling 
of stock rather than preheating it by the hot 
exhaust gases. 

There are, of course, innumerable varia- 
tions. Rather than devote space to a list of 
them, it is better to describe the recent develop- 
ments in design of box-type furnaces which fire 
from the rear. In this design the burners are 
placed in the wall opposite the slot opening and 
fire against the front wall. Suitable flues in the 
back wall balance the flow of hot gases and re- 
duce the amount of hot gases escaping through 
the slot. This method of firing tends to more 
uniform heating and more satisfactory working 
conditions. Larger furnaces can be built; they 
are now working with slots up to 12 ft. long. 
The top arch is sprung from front to back, and 
as the chambers are usually not very deep, it 
eliminates the long arch span which would be 
required end to end. Depth from front to back 
must necessarily be greater than in an end-fired 
furnace, as it requires at least an 18-in. back 
wall to carry the flues and the flame must be 
long enough to avoid carbon deposits on the 
front wall. 


Among the advantages are the following: 
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Slot Furnace Has Chain Conveyor to Carry Crank Shafts Through. One end 


heated for upsetting into flanged disk 


More even heating conditions are obtained, due 
to the fact that the gases strike the front wall 
and are carried down over the work and back 
along the hearth. Burners and flues may be 


evenly spaced without flame interference 
(which produces hot spots within the furnace, 
a condition which prevails in the end-fired fur- 
naces). Flues in the back wall also lend them- 
selves very advantageously to recuperation. 
As ois always true, when one difficulty is 
overcome, we find others developing. The great- 
est is encountered in supporting the front wall 
and the top arch. Slot openings up to 8O in. are 
successfully) spanned by so-called) jack arch 
with one support in the center. Roof arches may 
also be supported on the end walls and built in 
the usual manner. This does not produce as 
good circulation of gases within the furnace but 
does climinate a great deal of arch trouble. In 
other designs the front wall is supported by av 
or water-cooled castings; when this is done it is 
comparatively simple to spring the roof arch 
from front to back and carry half its weight on 
this front beam. However, if such supports are 
undesirable, the twpe of arch shown in’ the 
sketch may be used up to at least 12 ft. with 


two supports, 
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Rotary furnaces have received considerabl 
attention in the last two or three vears, sine: 
they combine some of the features of the two 
main classes. However, it has proven to be very 
temperamental for forging work. Here again, 
we have several different designs, but all have 
two most important and inherent characteris 
tics. First, the shape of the hearth is round and 
its area varies as the square of the radius, and 
unless the material to be heated is short) and 
comparatively heavy for its length (or is of ir- 
regular shape which will lend itself to even 
spacing upon the hearth), the effective hearth 
area is greatly reduced. Second, no matter what 
method of heating is used, the maximum tem 
perature must not exceed the melting point of 
the oxide seale which collects upon the hearth 
because no successful method has been devised 
to handle this slag. Even though refractories 
are used which are not affected by the molter 
scale, the moment the melted oxide reaches 
some point where it is cool enough to solidity. 
it clings to the hearth wall and slag spouts and 
will eventually ruin the hearth. Automatic 
temperature control is therefore necessary to 
keep the furnace in successful operation. 


Automatic temperature control is’ itself a 
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vans of lowering the cost of forgings. A few 
its outstanding advantages are: (1) It enables 
i operator to duplicate firing conditions; (2) 
reduces fuel consumption; and (3) it lowers 
pkeep costs. There are also a great many in- 
advantages. 

In selecting equipment the most experi- 
need advice should be sought. One standard 
annot apply to all conditions. Since there is 
much vibration in the forge shop, very rigid in 
struments are required; vet they must be sensi- 
live. Particular attention and study should be 
viven to the relation between burners. valves. 
When these ele- 


ments are properly chosen greater accuracy and 


and controlling instrument. 


uniformity are possible with automatic than 
with manual control. 

All this automatic equipment is dependent 
for its accurate operation upon the thermo- 
couple. Since most drop forgings are heated 
to 2000) and over, the noble metal or 
platinum thermocouple is most commonly in 
use. Platinum has a tendency to absorb gases 
and becomes brittle. It must also have ade- 
quate protection to insure long life and accurate 
measurement, It is a very good practice to 
check temperatures frequently with an optical 
pyrometer. The care of all control instruments 
should be placed under one department for 
supervision. 

Automatic temperature control is by no 
means universal. There are disadvantages 
which to a certain extent offset the foregoing 
advantages. 

In order to obtain full advantage of tem- 
perature control, as far as metallurgical condi- 
tions are concerned, the steel should be forged 
at the temperature of the furnace. To do this 


would require a long time for heating 


Trussed lron Beam Used to Support Front 
Wall and Arch Over Long-Slot Forging Furnace 
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much longer than is really good practice. Long 
heats produce a great amount of scale and in 
crease the grain size of the steel; they neces 
sarily slow up production or require furnaces 
of extreme size. Therefore, general practice ts 
to control the furnace at some temperature 
above the required forging temperature of the 
steel sometimes as much as 150). This, of 
course, defeats the desired precision in billet 
temperatures, but it does protect the furnace 
linings, and inasmuch as the spread is a definite 
known amount, the steel does not rapidly reach 
a detrimental temperature during a slight delay 
It also has a very marked effect upon fuel con 
sumption (low furnace temperatures take bet 


ter advantage of the available heat in the fuel) 


Electric furnaces have never been particu 
larly popular in the forging industry becauss 
they operate at somewhat lower temperatures 
than fuel-fired. are also expensive to 
operate and the cost per pound of steel heated 
is usually very much higher. 

Among the fuels used, oil, of course, is the 
most widely used; second to that is gas, either 
natural or artificial, “Butane” is a third fuel 
Which is being used to some extent; it is being 
marketed by several of the oil refining com- 
panies and is shipped and stored as a liquid. At 
the point of use it is passed through vaporizers 
and burned as gas, which is its normal state at 
atmospheric pressure. 

Citv gas or other low B.t.u. gas is not eco 
homical except under certain favorable local 
conditions as to price. Gas-fired furnaces have 
always appealed to the average owner, With 
gas it is much easier to control the temperature; 
it is much cleaner; there is no storage capacity 
necessary with its attendant tanks, pumps, and 
heaters; and there is no carrving charge for fuel 
inventory, 

Regardless of price, gas has not in the past 
been a very satisfactory fuel for forge furnaces 
because of the lack of luminosity in the usual 
Name. Recent developments of “diffusion com- 
bustion” not only produce a luminous flame but 
lav a blanket of raw gas over a uniform furnace 
charge in such a way as to produce heated stee! 


with practically no scale. This matter was dis 
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cussed at length by Mr. Hepburn in last month's 
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Furnace Calculations 


There are several questions which must be 
answered at the outset: First, the number of 
pounds of steel to be heated per hour; second, 
the temperature to which it is to be heated; 
and third, the size and shape of the billets. With 
these questions answered, the first calculation is 
to find the hearth area. 

The amount of steel heated can be varied 
considerably, particularly with manual temper- 
ature control. In an oil-fired furnace (in-and- 
out type) the figure is somewhere between 60 
and 90 Ib. per sq.ft. of hearth. If temperatures 
are exceedingly high, this can be sometimes in- 
creased to as much as 120 Ib. but it is severe 
upon the refractories. 

In calculating the effective hearth area it is 
necessary to know the number of pieces per 
hour, their projected area upon the hearth, and 
the length of time it will take to heat that piece 
under given furnace conditions. For the latter 
the curve on page 38 will be useful. 

For maximum heating rate it is necessary 
to allow space between the pieces, usually equiv- 
alent to the width of small square stock, or one- 
half the diameter of round stock. Beyond 2 in. 
this clearance should be increased proportion- 
ately; with 4t-in. square stock it should be twice 
the width. 

Calculation of fuel consumption requires a 
knowledge of what becomes of the heat which 
is liberated in the furnace. By closely observ- 
ing the operation of various furnaces and ex- 
perimental tests, information and data have 
been gathered in the curves on page 37. The 
one at the top left shows the heat lost through a 
square foot of d!.-in. refractory wall backed up 
by 2'. in. of insulation. Radiation losses for 
other common walls are found by multiplying 
corresponding data from this curve by the ap- 
propriate constant K. 

The top central curve shows the amount of 
heat radiated per square foot per hour from a 
black body at given temperatures. A uniformly 
hot furnace radiates much like a black body 
and therefore this figure applies to losses 


through all slot openings, burner openings and 


36 


flues which have a projected area upon {| 
radiant walls. 

The third item to be figured, namely, t! 
heat lost in any cooling medium (water or ai; 
can be figured from its volume and the diffe: 
ence between entering and exit temperatures 

Useful heat, meaning that imparted to th, 
material which we desire to heat, may be taken 
from the curve at the top right of the group on 
page 37, which shows the total heat required 
to raise one pound of iron (or steel) from room 
to the various temperatures. 

In all types of furnaces, except electrical, 
heat is generated by combustion and the prod 
ucts must leave the furnace at the same rate at 
which they are generated. It may be assumed 
that such gases leave the furnace at average fur- 
nace temperatures. The heat lost in these gases 
is so large that it accounts for the very low ther- 
mal efticiencies of forging furnaces. The curves 
at the right on page 37 show the available heat 
of different types of fuel, that is, the total heat 
of combustion minus the heat carried away in 
the gases at furnace temperature. 

A typical example is computed, which is 
self-explanatory. These calculations have been 
based upon an actual furnace. In operation it 
heated 1500 Ib. of forging stock per hr. and con- 
sumed 21.1 gal. of oil per hr. 

It is good practice to select burners of 25°, 
more capacity than is required, especially for 
furnaces which are fired intermittently. 


Heating Steel for Forging 


If steel did not expand on heating, if the 
grain did not grow, if the steel would not burn, 
then the forge man’s problem would be simple. 
Just charge the steel into a hot furnace, heat as 
rapidly as possible to the dripping temperature, 
and forge! 

Thermal expansion (and volume changes 
at the critical temperatures) sets up strains of 
tremendous magnitude. Cases have been known 
where a 35-in. ingot has been broken into sey 
eral pieces as clean as if sawed. Furthermore, 
at too-high temperatures oxygen penetrates th 
grain boundaries and the steel loses its tough 
ness and cannot be salvaged. Finally the grat 
grows more rapidly as the temperature is in 


creased; time also is a factor here. 
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From the above, the forge shop's problem 
in be stated in the following manner: In order 
The 
gher the temperature, the more freely it will 


make steel plastic, it must be heated. 
low. If heated too rapidly, it will probably 
ipture in the furnace and if not there, then 
under the hammer, due to cold centers. There- 
fore, the problem is to select the most rapid 


heating time and the maximum working tem- 


vsis of the material being worked. 


perature for the metal and_ still be safe. 


It is questionable if the majority of forge 


shops give the proper consideration to the anal- 


This is 
important, as different rates of heating and 
maximum temperatures are necessary for dif- 
ferent analyses. 

Starting with the simplest analysis, that is, 
iron from carbon, manganese, 


pure (as free 
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Absorbed by stee/ = 1500 /b.x 375 = 560,000 
lote/ heat required = 1,190,000 Btu per hr 
evetlable in oi! (Hue gas et 24009 = 7500 B.t per lb. (from curve 


= 163 1b. per hr. 
= 20 gal per ty 


Oi! needed for furnace = 
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silicon, and other elements as possible), it may 
be heated rapidly to about 23007 F.; however, 
upon forging, due to the red-short range, all 
working must be stopped at about 18000 PF. and 
not worked again until below 1550) FP, 
Increasing the carbon and manganese con- 
tent eliminates this range. As a rule, no diffi- 
culties are encountered in heating plain carbon 
stecls in moderate size up to carbon. 
Harder steels, except in very small sizes, should 
be preheated up to 


Of course, as the carbon 


and from there they 
can be heated rapidly. 
is increased, the maximum temperature should 
be dropped to about 2000 to 20507 

Alloy steels must also be heated more care- 
the alloy) content  in- 


fully, especially when 


creases. Low alloy steels containing less than 
0.10%, do not present any difficulties in heat- 
ing except that they require more time to heat 
thoroughly and do not flow as readily as the 
plain carbon steels of the same carbon content. 
They should not be heated above 22007 F. 
Silico-manganese and = straight manganese 
steels, especially the latter with 1.75°. Mn, are 
subject to rapid grain growth. They should be 
heated to the lowest initial temperature to finish 
the forging and held no longer than to insure 
thorough heating. 9200 steels should be 
finished at 16500 
will then impart considerable toughness. 
Steels such as the S.ALE. 8200, 3300, or 3.100, 


containing over 0.255. carbon, S.ALE. 52100 and 


or lower; heat treatment 


special steels higher in alloy content are called 
“sensitive steels.” Low alloy steels over O10°, 
( and straight carbon over O.85°) C should also 
be included. As the alloy and carbon content 
and size increase, the necessary precautions be- 
come more complicated; these steels should be 
preheated to 1100 to 16007 


and low carbons can be charged into the forge 


Some small sizes 


furnace if the temperature is dropped slightly. 
The maximum temperature can be generally 
limited to 2150 to 22007 F, 


forging is necessary, as will be noted below. 


Careful cooling after 


It is hard to say which is the most impor- 
tant consideration when heating steels for forg- 
ing, analysis or size. In general, sizes up to 4 or 
in, square of carbon steel up to 0.506) and the 
ordinary alloy steels up to 0.405 C can be safely 
charged into a forging furnace at heat, if it is 


small enough so there is some drop in tempera- 
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Time in Minutes 


Time Required to Heat Round Bars 
to Center in Furnace at 24507 F, 


ture. From 5 in. square to 12 in. square thes: 
steels can be safely charged into a furnace at 
1100 to 16000 


the heat before firing. 


and allowed to absorb some of 
Larger sizes should be 
charged into a cold furnace and preheated to 
1600 


forging heat. 


before transferring to furnace up to 
Some operators will, at the end 
of the day, charge their large billets or blooms 
into the cooling furnace at about 16000 FP. and 
allow the steel to absorb the heat from the fur 
nace, and start firing about 3 A. M. 

While the heating of large sizes is of ex 
treme importance, the cooling is of equal impor 
tance, for the steel then goes through the revers¢ 
evele. The ordinary alloy steels up to 0.10", ¢ 
and the plain carbon steels up to 0.505, C should 
be pit cooled or piled so that they cool slowly 
and uniformly if the sizes range from 5 to 12 in 
square or equivalent cross-sectional area. Ove! 
12 in. square they should be furnace cooled. 

Practically all sizes of the sensitive steels 
should be furnace cooled in order to esiminat: 
would result) from non 


any checks which 


uniform cooling. Very small sizes, which finish 
quite cold, are excepted. 

One point which is often overlooked by the 
forge man, especially in the sizes from 8& to 20 
in. square, is that some steels are denser than 
others. An open steel will stand more abus: 
in heating and working than a well-killed hea! 
of the commercial grades. Electric furnac: 
steel is generally denser than open-hearth ste 


of the same analysis. 
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G. V. Luerssen 
Carpenter Steel Co 


Reading, Pa 


inspection by 


Deep Etch 


Abstract of a FROM the viewpoint of the 
paper for Buf- steel maker the purpose of 
falo Conven- 
tion, A.S.S.T., 
October, 1932. 
Written dis- 
cussion invited 


disk inspection is twofold. 
Its first and most important 
function is to prevent the 
shipment of inferior material 
to the customer. This func- 
tion becomes of extreme importance where ex- 
pensive tool steels and high grade alloy steels 
are on the order. 

The second function is to afford the steel 
maker a close and constant check upon his own 
manufacturing practice both in melting and in 
hot working. Disk inspection would never be 
entirely effective simply as a weeding out 
process. It must be made to vield information 
regarding the product which can be used in ele- 
vating the general standard of quality. Such 


information can be obtained through the me- 
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dium of carefully correlated records, preferably 


kept by order of heats. 

Any method adopted should therefore be 
built around two principles, first, that of con- 
sistently supplying the customer with satisfac- 
tory material, and second, that of carrying out 
the method on the most economical basis pos 
sible. In general, the procedure which embodies 
these principles most effectively inspects the 
semi-finished material the case of tool 
steel, the billet. 

One outstanding advantage in this practice 
is the ability to procure results of inspection 
a very short time after the melting of the heat. 
A prompt and methodical check-up on melting 
practice is thus obtained, and any necessary 
adjustments can then be made with precision, 
It also prevents the accumulation of question- 
able material. 

A second advantage of billet inspection lies 
in the fact that steel can be inspected in full 
heats, and thus it provides a more comprehen- 
sive study of melting practice than is possible 
after the heats are broken up. 

A third advantage, and one of extreme im 
portance, is the saving in time by avoiding de 
lavs contingent upon rejecting finished material, 
an advantage which is quite real where definite 
delivery dates are to be met. A final bar in- 
spection obviously does not insure against such 
delays. Inspection in the billet, on the other 
hand, minimizes this hazard since it climinates 
any guess work as to the quality of the material 
voing into the finished bar. 

A fourth advantage is the saving of material 
due to the ability of the inspector to recognize 
certain defects characteristic of tops or bottoms 


of ingots. These can readily be eliminated by 
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cutting back. It might be mentioned here also 
that a more thorough inspection can be made on 
a billet than on a bar for the reason that defects 
are larger. 

The method as outlined presupposes that no 
material defects can be introduced by the final 
rolling or forging of the bar. Experience has 
proved this to be a safe assumption, the only 
requirement being that reheating temperatures 
and hot work practice be controlled within rea- 
sonable limits. 


If bars are of very large 


points representing top, middle and bottom of 
each ingot (except when one ingot makes a sin- 
gle billet, in which case only tops and bottoms 
are inspected). 

Careful cutting gives a cleanly sawed disk, 
Disks 


cut with the parting tool may be dragged, and 


and no further preparation is required. 


should then be ground. 
Etching Etching is usually done in a 1:1 
solution of hydrochloric acid in water. Duriron 


dishes have been found very 


sizes, an inspection of the fin- 
ished piece will be cheaper and 
will give a final check on heat- re 


ing and on the final forging 


conditions. 

It might be added that disk 
inspection is distinctly a_ test 
for macrostructure, and not for 
Consequently, 
the 


bar, 


microstructure. 
whether conducted 
billet the 


while it detects material defects 


upon 


or upon final 


convenient and durable. Disks 

= are etched for a_ prescribed 
time at a definite temperature 
depending upon the type. of 
steel, and then scrubbed in 
| clear water and dried with ab- 


sorbent paper. 
Inspection — Intelligent in- 


spection requires not only 
experience and good judgment 
to determine which is good and 
which bad, but knowledge of 


melting and hot working oper- 


and segregation, it is no guar- ations, and an understanding 
antee of the annealed or of the physical and chemical 
treated structure of the bar, processes underlying the vari- 
and this can only be deter- y ae ; we ous patterns developed by the 
mined by the microscope. . She» ° etch. The action of acid on the 

Preparation of the Billet ’ various constituents must also 

Through all operations it is " be understood, and its’ tend- 
desirable to handle the mate- —_____— ency to magnify some of these 


rial in units of heats, and to cut 
If Good on 


as few billets as necessary. 
Hot 


the ingot is cut in two, the top i 
and bottom billets are properly 

marked. If the ingot is cut in three or more, 
the middle billet should also be identified. 

It is usually necessary to anneal the billets 
for cutting carbon steel over about 0.70. car- 
bon and the harder alloy steels. A semi-anneal 
is suflicient that is, heat the steel to the regu- 
lar annealing or spheroidizing temperature, but 
cool much more rapidly. 

Disks are usually cut on band 
Round billets 


may be cut with a parting tool on a lathe or 


Cutting 


saws or high speed hack saws. 


culting-off machine. Each disk with its cor- 
responding billet-end is stamped with the heat 
number and a serial number. A 100° inspec- 


tion of the heat is made; disks are taken from 
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A Bar That Looked Pretty 
Fracture 
\fter a Deep Etch 


must be recognized. 
Wasn't Inspection standards must 
be established largely through 
experience and knowledge of 
general requirements in the trade. There is, of 
course, no question concerning obvious defects. 
There are some characteristics, however, which 
are the result of natural processes of freezing, 
and consequently are always present to some 
extent. Whether these can be considered de- 
fects or not depends upon their degree. Prin- 
cipal among these are the natural increase in 
pitting from surface to center and the develop- 
ment of dendrites. The type of steel being in- 
spected must also be taken into account since 


Here 


the inspector's judgment is very important. 


not all steels respond alike to etching. 


As already indicated, it is convenient to 


classify defects under two general groups, first, 
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hose Which are characteristic of extreme top 
ind bottom of the ingot, and second, those which 
ire characteristic of the entire heat. The former 
an be removed by cropping back until the 
The 


second type of defect governs acceptance or re- 


etched disk shows the billet to be clear. 


jection of the entire heat upon the basis of some 
established standard. With proper control in 
melting and hot working based upon inspection 
data, it is possible to raise the general quality 
well above this standard. 

As the inspection and cropping of each heat 
is completed, it is released for final rolling or 
forging, carrying with it a distinguishing mark 
to indicate that it has passed. Adequate records 
are of great importance, and in order to be most 
effective, are kept by heats, and submitted regu- 
larly to the operating departments interested. 

Many cases are encountered in which con- 
sumers require a special type of inspection to 
meet certain peculiar conditions in their serv- 
ice. It is then often necessary to depart some- 
what from the routine method, and occasionally 
to make alterations in manufacturing practice. 
Many of the specifications encountered are quite 
interesting, showing how ingeniously the etch 
test can be emploved to indicate the particular 
properties in which the consumer is interested. 
In general, however, it is an advantage to both 
consumer and maker to adhere as closely as 
possible to some generally accepted standards, 
such as those tentatively prepared by the Amer- 


ican Society for Steel Treating. 


Series of Band Saws Used te 


re 


In conclusion it may be pointed out that the 
quality steel maker is striving for a perfection 


which he will probably never attain. Steel 


making is essentially a chemical process car- 


fortunately, at such temperatures the furnace 


ried on at extremely high temperatures, 


and ladle enter into the reactions. Furthermore, 
the 


phere of 


carried out in an atmos- 


the latter of 


process must be 


nitrogen and oxygen, 
which combines readily with most of the ele- 
ments in the steel. Lastly the product itself is 
of such a character that it tends to freeze, not 
in a homogeneous mass like glass, but selec- 
tively in a crystalline mass, 

Thus with even the closest attention to de- 
tails in melting and pouring, there are certain 
which cannot be entirely 


inherent conditions 


controlled, and which will consequently vary 
slightly heat to heat and between parts of the 
ingot. Such variations, of a very slight order, 
may be magnified by etching so that they be- 
come not only perceptible, but often quite strik- 
ing. This magnifving power, while the very 
thing which makes the test valuable, must be 
taken carefully into account. 

Phe success attained in using the test really 
is measured by the degree of cooperation be- 
tween maker and consumer. It is necessary for 
the maker to understand thoroughly the require- 
ments of the user, and for the consumer to ree- 
ognize some of the general problems which are 
encountered in stecl making. Fortunately, bet 


ter mutual understanding is growing. 


p Billets for 
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Heat and Metal Wasted 


PREDICTIONS, from the high places of 

politics and business, of a nearby turn for 
the better have so often miscarried in the last 
three years that anyone would be foolhardy to 
venture another except on the ground that we 
have already sunk so low there is no other way 
to go but up. This would be one reasonable 
basis for the belief that the gamblers in securi- 
ties are right in betting on better business in the 
near future. 

Any concurrent awakening of faith in the 
hearts of bankers and industrialists should 
mean that happy times are here again for mem- 
bers of the American Society for Steel Treating. 
Competition will cause an insistent drive for 
production without waste, which should re- 
dound to the benefit of those intelligent enough 
to sell their experience and sound ideas. 

In only one branch, take furnaces: An esti- 
mate was recently made that in the metal fabri- 
cating, machinery, and transportation industries 
(exclusive of iron and steel plants) there were 
approximately 25,000 factories or shops con- 
taining the enormous number of 120,000 fur- 
naces for heat treating, forging, or enameling. 
lt is safe to say that nothing better than more- 
or-less skilled labor and rule-of-thumb foremen 
are supervising these operations in at least 
20,000 of the plants, and that 100,000 of the fur- 
naces are wasteful in the extreme, not only ol 
heat but of good metal mistreated thereby. 

This certainly is a fertile field for develop- 


ment and improvement. 


Desired Qualities 
of Weld Metal 


IT IS too bad that the word ductile, which 
has always and from its derivation meant 
ability to be drawn into wire (just as malleable 
has meant ability to be hammered into sheets), 


has been given far wider meanings by recent 
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usage. The resulting lack of precision was re 
sponsible for much confusion of thought in an 
interesting discussion on “the need of ductility 
in welds and welded structures” held by the 
American Welding Society last spring. One 
speaker meant elongation and contraction in a 
tension test when he said ductility; another 
meant ability to bend without cracking. They 
had better have used the word plasticity, as did 
a third when he defined crackless plasticity as 
that much-desired property of resisting any 
spread of cracks from localized high stress, 
which makes for high endurance to alternating 
loads. Another engineer implied that ductility 
meant toughness in impact. Lastly, the word 
was used for the general high quality possessed 
by metal free from segregation, blow-holes, slag 
inclusions, tiny cracks, and high internal stress 

Obviously, any metal should have that kind 
of “ductility.” and no one would criticize the 
speaker for asking that commercial weld metal 
have it. Yet he was expressing a hope rather 
than an achievement, for what was under dis- 
cussion was not “Should a joint have all the 
properties of the metal it connects?” for that 
is a description of an ideal, a jointless joint 
but this: “Should the metal in welded joints be 
harder and stronger than the mild steel it con 
nects, or should it be softer and more plastic 

Stated in this way, the answer is evident to 
any realist. He knows that all commercial 
methods of fusion welding produce metal that 
is harder, stronger, and less plastic under ove 
strain than rolled mild steel plate or pipe. Th 
also knows that this is one important factor in 
the growth of the business; welded joints are 
unique in this property; mechanical joints are 
all weaker and less elastic than the metal joined 
Welded joints have been accepted bys careful 
engineers (for a long time in spite of higher 
costs) because of this very fact. 

So, for the most part, the actual question as 
stated above is academic. Years ago the late S. 
W. Miller presented an analysis of typical joints 
indicating that the more plastic base metal 
could be expected and properly should be ex 


pected to readjust its internal configuration to 
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relieve dangerously high stresses due to unequal 
heating, small errors in fabrication or design, 
and the normal overloads in use. Abuse in serv- 
ice Will ruin anything, but large abuses in fabri- 
cation and design can be avoided by proper 
material and workmanship, assembly, stress re- 
lief, 


classed together as “procedure control,” and all 


and proof testing. <All these things he 
later experience proves that Miller was correct. 

In the present state of the art the only prac- 
tical aspect in the question relates to joints in 
extra strong or alloy steel. It is also possible 
that with special rods and technique, by weld- 
ing in controlled atmosphere, or with the aid of 
clever heat treatment, a joint could be made in 
a pressure vessel or seamless pipe that would 
have lower vield point and greater clongation 
than the metal on cither side. Would anyone 
be justified in doing so? The answer clearly is 


also then be possible to make joints substan- 


When such a thing can be done, it will 


tially equivalent to the base metal, which, of 
course, is the ideal condition. 

Meanwhile, hundreds of thousands of butt 
joints have been made in seamless or special 
processed pipe (the metal of which has an ulti- 
mate strength of about 75,000 Ib. per sq.in.) 
which have endured cold bending when the line 
that metal 10 to 12%. 


These welded joints have given most excellent 


was laid stretched the 
records in pipe tine service where internal pres- 
sures are high the factor of safety is as low 
and where erection and tem- 


The 


sound and strong, it makes a true weld with the 


as tor even 3 


perature stresses are severe. metal is 
abutting metal, vet it is relatively unyielding. 

It is not intended to convey the idea that the 
But it is 


an undoubted fact that as the various elements 


history of the art contains no failures. 


of design and fabrication are mastered, the 
soundness and other good qualities of the metal 
in a fusion weld have been correspondingly en- 
hanced, and with them have improved resistance 
to impact, ability to deform without cracking 
and those other qualities which are sometimes 
loosely grouped together in the word “ductility.” 

We may with the statement, 


rest content 
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therefore, that as long as it is impossible | 


match exactly the properties in the base meta! 
weld metal should have a higher vield point and 


a lower elongation as indeed it does. 


New and Yer Newer Tools 


IT HAS BEEN often remarked that pro 

gress in the technical arts is not continu 
ous, but advances rapidly for a time when a 
new discovery is being studied and adopted, 
and then stagnates until another fundamentally 
novel fact is uncovered. Take the recent history 
of cutting tools: 

Plain high carbon steel, quenched and tem 
pered, is the old-time material. Mushet was th: 
first pioneer in modern tools, developing the air- 
hardening tungsten steels during the 1860's for 
cutting very hard metal. In 1900 the Taylor 
White high speed steel was exhibited at Paris; 
it also required a radically new analysis and 
heat treatment, and the next decade was spent 
Shortly before the War 


Haynes discovered stellite, alloys of cobalt, chro 


in perfecting the alloy. 


mium, and tungsten which were intrinsically 
hard as cast but at the time it appeared to ly 
a unique material. So the matter rested until 
1927 when German investigators synthesized an 
excessively hard, wear-resistant tool material 
from powdered tungsten carbide and metalli: 
cobalt binder. Possibilities of improving this by 
controlling the size and analysis of the ingred! 
ents have drawn numbers of experimenters to 
the problem and notable progress has been 
As if this 


made in the short intervening time. 
is not enough, rumors are now spreading © 
wonderful new metallic alloys about ready to! 
exploitation for tools. These are said to be hea! 
treated for high hardness, much as Sykes’ iron 
tungsten) iron-molybdenum alloys a! 
nounced six years ago. 

It is evident that in the matter of tools ~ 
are not only going ahead by leaps, but the leaps 
are getting closer and closer together. Ca! 


there be any limit to this progression? 
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Ralf S. Cochran 

etallurgical Engineer 

rface Combustion Corp. 
Toledo, Ohio 


Design 


of 
heat 
resisting 


castings 


Abstract of a A FEW vears ago the meas- 
paper for Buf- ure of good furnace con- 
falo Conven- 


struction was bulk or mass. 
tion, A.S.S.T., 


October, 1932. If a “mechanical” furnace 
Written dis- was mentioned, one with a 
cussion invited pusher was meant. Heat re- 


sisting alloys can be credited 
With introducing an entirely new basis of fur- 
nace design, and today, heat resisting alloys 
carry the metal through the hot zone. Since 
one of the most interesting applications of the 
new alloys is the walking beam conveyor for 
sheet steel, this specific type will form the basis 
of a discussion of the design of heat resisting al- 
loy members and their performance in service. 


Walking beam conveyors were first used in 
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lehrs (glass annealing tunnels) as early as 1860, 
The rails were iron (the temperature being low) 
and were often faced with asbestos to avoid 
scratching the glass. 

Some furnaces for higher temperature have 
been built during the last 30 vears where the 


steel beams were faced with firebrick. Such a 


conveyor could not be underfired, so it never 


was adopted in the sheet mills. Air sucked up 
between the beams would also scale the steel. 

Although suitable heat resisting alloys were 
known some years previously it was not until 
1928 that anyone would use it for structural pur- 
poses or mechanical parts. The important func- 
tions required were (1) to support loads at high 
temperature without excessive creep or deflec- 
tion, (2) to resist corrosion by hot sulphur-bear- 
ing flue gases without being brittle at the work- 
ing temperatures, (3) to introduce no catalytic 
action on steel or gas that would interfere with 
the correct processing, and (1) to resist wear 
at non-lubricated surfaces. This seems a for- 
midable list, but it has been surmounted. The 
practical success is measured by about 5000 
beams now in service. As remarked at the out- 
set, they have introduced an entirely new basis 
of furnace design. 

When the first walking beam conveyors for 
sheet pack heating and normalizing were de- 
signed there was litthe known about the be- 
havior of alloys under heat. It was anybody's 
guess what the coeflicient of friction on sliding 
surfaces would be. As to strength, the alloy 
manufacturers advocated a design stress rang- 
ing all the way from 300 to 10.000 Ib. per sq.in. 
at 1500) 

It was opportune that a few creep stresses 
at high temperatures were available. These 
were assembled, a liberal factor of safety was 
thrown in, and designs were produced on this 
basis. Fortunately, experience has proved that 
this was on the conservative side; very few fail- 
ures have resulted except those due to abuse by 
badly overloading, overheating, or both. 

Since then a large amount of experience has 
accumulated by which these earlier designs may 
be refined. In view of the high cost of the alloys, 
unnecessary metal must be eliminated, vet one 
must be sure that the part will continue to func 
tion for a reasonable length of time, say three 


vears. The result has been progressive lighten- 
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heating) produce rapid failure. Ove; 
loads for short intervals do little harm. 
Creep is approximately proportione: 
to time. Creep curves are usually stee; 
the first few hours and then flatten ou 
into straight lines. This is probably du: 
to work hardening. The continued con 
stant rate may represent the balance be 
tween progressive annealing and progres 


sive work hardening. 


Resistance to creep is also roughly 
proportional to grain size, castings having 
more strength than rolled metal. 

Fundamental Motions Where lu- 
brication is not possible, there are only 
two theoretically correct) mechanisms: 
The ball (time-honored by its use in box 
annealing) and the knife edge (long in 
use in platform scales). 

The wheel turning on a shaft has not 


been practicable, but if the shaft is cast 


integrally with the wheel and the ends of 
the shaft are tapered, it is a satisfactory 


mechanism in case the load it carries is 


Discharge Table of Sheet Normalizer. 


ing of alloy, and better balanced mechanisms. 


Creep — Three years ago there was a lively 
controversy going on between two schools of 
thought concerning the phenomenon of “creep.” 
When metals are stressed at high temperatures, 
they slowly elongate or creep. The rate of elon- 


gation rises rapidly as the unit stress is raised 


(the proportion is somewhere in the vicinity of 


the fifth power). One school had it that all 


metals creep at any stress no matter how low or 


at what temperature, provided sufficient time is 
allowed. The other school contended that there 
is a certain stress below which no movement 
takes place. 

Experience proves that for all practical pur- 
poses the stress-of-no-creep school is” right. 
Beams have now been in steel mill service for 
three vears which show no visible sag between 
supports. This proves what one would naturally 
expect of the fifth power relationship — namely, 
that as the stress is lowered the creep rapidly 
approaches zero. The converse, by the way, is 


instructive in that long overloads (or long over- 
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heavy in comparison with the weight of 


Mop- 
ing and stationary rails of walking beam 
type of work conveyor are clearly shown 


the wheel and shaft (carburizing boxes, 
for instance). If the load is compar- 
atively light, as for instance a sheet of 
stecl, the wheel does not turn. Tapered shafts 
are self cleaning of brick dust and dirt, and the 
wheel is self centering, thereby avoiding thi 
friction of any side thrust. 

Another motion (applied in 1930) is direc! 
sliding of one member on another. One would 
expect that the rubbing surfaces would quickly 
gall, seize, and wear out, but there was no wea! 
in an experimental unit. The high spots had 
work hardened to a polished surface. After two 
vears in service (about one vear of actual opera 
tion) there is still no wear visible in any of sey 
eral installations. 

Thus, it happens that in a situation where 
no lubrication is possible, nature has provided 
materials that can get along without it. 

Composition of Alloys — There are two rea 
sons why ordinary structural steel cannot be 
used at temperatures of 14007 to 1900° F.: (1) 
It oxidizes so rapidly that in a few days there is 
litthe metal left, and (2) its strength is not sul 
ficient to support itself, let alone carry a load 


It would wilt in a few hours. 
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However, if 20> or 30°. of chromium is 
dded to the steel, the resistance to oxidation is 
greatly increased that it is vears instead of 
ivs before the metal thickness has decreased 
pany extent. Also the strength at high temper- 
tures is Increased. If, in addition, 10 to 35°. of 
ickel is added to the iron-chromium mia, the 
strength is still further increased so that wilting 
s postponed for vears instead of hours. 

Other elements aid the foundryman in pro- 
ducing sound castings. Carbon, for instance, 
lowers the freezing point, but it must be used 
sparingly (0.30 to because an excess 
makes the castings brittle at temperatures be- 
low about 500° although they are increas- 
ingly ductile as the temperature rises above this 
figure. Another aid to casting is silicon. This 
clement improves fluidity. 

The above clements have been combined in 
the following proportions and have produced 
results: Cr Ni © Si 3! 
Beams of this mixture have sagged not over !. 
in. Ino-ft. spans in two vears of service at 1100 
to 16000 At higher temperatures (1750) to 
So) FB.) the beams have held within a 1-in. sag 
under similar conditions. If the flue gases bath- 
ing these castings contain above 1 or 2 grains 
sulphur per cu.ft. of gas, the nickel content must 
be down to 1l,). Entirely satisfactory results 
have been obtained with such beams used in 
furnaces fired with producer and coke oven 
gases Whose sulphur content was regarded as 
being fairly high. 

When strength is the ruling consideration, 
it is generally conceded that what 


is commonly known in the trade 


as is best (35°. Ni and 15‘. Conveyor 


(r generally cast as 37-17) or 
higher). But, having higher 
nickel content than the alloys pre- 
viously mentioned, it costs more, is 
more susceptible corrosive 
vases, and hence its use is indi- 
cated only in special cases. 

The above are some basic 
facts. On account of the wide 
variety of applications, experi- 
ences, and experiments great 
many contradictory — statements 


thout details have been made. 


Some say that silicon above 


weakens the metal and others say it does not, 


Some claim that molybdenum, titanium, tung 
sten, and other clements confer special proper 


ties. The truth probably is that the latter are of 


the nature of refinements and are used by the 


various foundries in small quantities as the art 
requires. 

It is important to note that the different 
alloy foundries have developed individual prac 
tices and mixtures of their own to attain differ 
ent results. Since the foundry practice has an 
important bearing on the performance, it ts im 
portant that the alloy maker be allowed to ad 
just the analvsis in minor clements to fit his in- 


dividual experience. 
Engineering Calculations 


In engineering calculations the size of a 
furnace beam depends upon the load and its 
location in relation to the supports (the bend 
ing moment) and the design stress (stress in the 
extreme fiber. Design stress is judged from ex 
perience with the type of alloy, the probable 
soundness as produced by the maker of the al- 
lov, and the probable abuse. 

As a rule, the most desirable section for 
beams is the I-beam. When casting such beams 
it is customary to use a “y-in. section for web 
and flanges in beams up to & ft. long. Oecaston- 
ally smaller castings can be made with in. 
section. Larger castings will require up to 
in. metal, depending upon size and shape. The 


idea is to keep the sections as thin as possible 


Charger End of Sheet Bar Heating Furnace With Walking Beam 
Mechanism. W/o motions controlled from this end 


ICTOBER, 1932 


& 


\ 
> 


2 

= 3 

47 


for economy, but at the same time provide 


enough metal so that the founder can produce 


sound castings. (Frequently, unsoundness can 
be detected only by breaking a sample piece or 
by X-ray photographs, all of which add more 
cost to the casting than a little extra metal.) 
Plastic Versus Elastic Flow — Machine and 
structural design is based on formulas which 
apply to elastic materials within the elastic 
limit, vet furnace beams are operated at tem- 
peratures and loads where slow plastic flow oc- 
curs. Fortunately studies on plastic flow of al- 
lovs indicate that the elastic relations hold for 
high temperature plastic flow within the limits 
of accuracy of our basic creep data, and cer- 
tainly within the limits of dependability of our 
present more or less unsound castings. Experi- 
ence has indicated that a beam increases in 
rigidity as sag progresses in other words, if 
a hot beam is overloaded it will sag at first 


rapidly and then more slowly. This is because 


the outer fibers vield or creep, putting more of 


sidered to be the equivalent of combinations , 
simple and cantilever beams. If all were j 
perfect balance, hinges could be used to joi 
the sections together at points where ther 
would be no bending moment. In practica 
structures, however, irregular loading would 
result in a certain amount of bending moment a! 
the hinges. Also it is convenient to avoid as 
many joints as possible. 

When a continuous beam slides back and 
forth over a point of support, it becomes more 
or less self-straightening. Advantage can 
taken of this fact by using a somewhat higher 
design stress. 

Another point: In cold structures, the con- 
tinuous beam must be supported on firm foun- 
dations, because any settling results in relatively 
large unallowed-for stresses. But in the heat, 
a beam will quickly sag to reach any support 
which may become depressed, thereby retaining 
the internal stresses of the metal at about the 


original magnitude. 


the load on those nearer the neutral axis of the 
beam where at first they are working under 
low stresses. 

Continuous Beams When all factors are 
considered, a continuous beam is about. six 
times as strong as a simple beam; or, to put it 
the other way around, a continuous beam of a 
given weight will carry a given load on a given 
span six times as many hours before it sags a 
given amount. 

Some of the properties of a continuous 
beam are of interest. A continuous beam of 


uniform section, loading, and span may be con- 
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Stationary Rails at End of Sheet Pack Furnace 
Moving rails are depressed and invisible. Sta 
tionary rails are inverted T-sections, with wavy 
tops. Shadows cast by light at left should 
not be interpreted as any structurat feature 


The sketch on page 149 shows a_ typical 
mechanism involving the use of continuous 
beams. Such a mechanism has the great prac- 
tical advantage of being operated from. the 
charge door. The vertical lifting movement in- 
volves no holes in the sides, top, nor bottom of 
the furnace and hence this construction avoids 
any possibility of air infiltration. The success 


of this mechanism depends largely upon the 
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Transport kei! _——Upper Lift Reil, Up 
Uoper Lift Reil, Down 


Anchor Upper Lift Rail, Up, Down Transport 
Supporting hyoreulic | lower Lift 
JSurlaces | (Gylinders Suaport 29 Surhaces 
link 
tt Rei! =< When Transport Rail Has Carried Work Forward, Lower 
Supporting Lift Rail Is Thrust to Right by Hydraulic Cylinder. Inclined 
Surface links raise the upper lift rail, carrying the work up with 


work hardening effect where rails rub on stools. 

Splices — The design of splices is no mean 
job. One of the worst situations the designer 
meets in high temperature work is where a 
series of rails is subjected to alternate tension 
and compression. Any design can be greatly 
simplified if the beams can be kept in tension 
only or in compression only. If splice plates 
like railroad joints were put into the heat with 
alternating stresses, the bolts would loosen and 
the structure pound itself apart in short time. 
By taking the load off the bolts and putting it 
on lugs, the difficulty is overcome. Flexible 
splices can be made after the manner of eve- 
bars in bridges. Here the cross-sections are so 
proportioned as to have equal strength at the 
splices and in the beams without changing the 
thickness of the section. Such joints have been 
sound, judging by their excellent performance. 


Refinements in Calculations 


Some refinements of the above procedures 
of calculation have been attempted with more or 
less success. Alloys having low creep stress 
have been sought; mathematical studies have 
been made on the distribution of stresses 
throughout the section of an I-beam, and finally, 
creep-stress-temperature charts have been pre- 
pared for the designer. 

But these refinements from this information 
are minor, and their use tedious. The funda- 
mental data are still too meager and the effects 
of unsoundness in the castings are too impor- 
tant to warrant these corrections. Until we can 
get rolled or cast beams which are always as 
sound and, therefore, as dependable as_ the 
sual structural members in the cold, attempts 

minor refinements are futile. When this 
iappy state is reached we must then get furnace 


perators who can specify in advance what the 
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it. Transport rail is then pulled to the left, the work is 
lowered on to it, and the cycle of motions repeats itself 


temperature and loading of the mechanism are 
to be, and who will operate within these limits. 
At that time a considerable improvement in the 
design will be possible, with consequent savings 
in alloy and power. 

Coefficient of Friction In order to gage 
more accurately the stresses set up in such 
mechanisms as the one shown, some friction 
tests were made on beams which had been well 
worn under practical conditions. Also, the fric- 
tion of low carbon steel on alloy rails was meas- 
ured. The results were: 


Coeflicient of Friction 


Materials Temperature Start Steady Slide 
Alloy on alloy Cold O.70 0.62 
0.64 
Steel on alloy Cold 0.64 0.47 


When using these results, it is advisable to 
add a factor of safety of 10° or more, depend 
ing on conditions. 

Design of Castings Alloy castings are de- 
signed on the same principles as any metal cast- 
ing. Considerable care must be taken to avoid 
sharp turns, intersecting planes, and any other 
shapes which obstruct the flow of the metal. The 
alloys become sluggish quickly, and any impedi- 
ment will act as a potential cause of local un- 
soundness. Long curves are preferable to sharp 
angles. All sections should be the same thick- 
ness Wherever possible. 

Fillets must be of small radius. If the radius 
is large a cavity will result at the center of the 
adjacent mass. 

Design the castings with the cooperation of 
the foundryman, because he can give practical 
suggestions which improve the casting and re- 
duce its cost. To take the foundryman com- 
pletely into one’s confidence pays dividends, for 


secrecy is costly. 
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By B. Whitternore 


Wickwire Spencer Steel Co 


Wi rcester, Mass. 


age hardening 


trip Steel 


MANY users of strip) steel 


have shown considerable in- 


Paper for Buf- 
falo Conven- 
tion, A.S.S.T., 
October, 1932. terest in the increase in hard- 
Written Dis- 
cussion Invited 


ness and loss of ductility duc 
to aging in basic open-hearth 
stecl of the following com- 
position: Carbon, 0.05 to manganese, 
O80 to > phosphorus, 0.055, maximum: 
sulphur, 0.055. maximum; and. silicon, O.05°, 
maximum. 

Whereas most manufacturers and consum- 
ers of this type of material accept age hardening 
as a fact, they do not agree upon the extent of 
the changes. This may be due in part to a 
failure to mention the femper of the material 


in question and the period of aging. 
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At the outset let us define “temper.” Te; 
per of cold rolled strip steel indicates the har, 
ness and the ductility best adapted for furth 
work (such as blanking, forming, perforatiy 
or drawing to shallow or deep cups and tubes 
These different physical properties in low ca: 
bon basic steel (cold rolled strip) are obtained 
by controlling the amount of cold rolling don 
upon the hot rolled material or on the materia! 
in the soft or annealed state. 

Tempers are designated by terms from “ful! 
hard” to “dead soft™ — numerically from num 
ber one (full hard) to number five or six (dead 
soft for deep drawing). In more recent years 
Rockwell and Brinell hardness tests have been 
of great assistance to strip steel manufacturers 
in supplying material within close limits of 
hardness. General specifications are tabulated 
at the foot of the opposite page, wherein plas 
ticity is noted as clongation in a standard tensil 
Ductility 


property overlooked by many consumers, and 


test piece. so-called is a physical 
mav be determined by one of several ball and 
plunger machines which form a cup 
known conditions of load and depth of draw 
When he specifies a Rockwell or Brinell hard 
ness value and a cupping or drawing test, the 
consumer of strip steel has made known fh. 
definite requirements, 

Much has been written and said about thy 
limits which should be written into various 
Much of this also 


Phe hardness 


specifications for materials. 
applies to cold rolled strip steel. 
range (as determined by the Rockwell method) 
considered by the writer to be liberal to both 
consumer and manufacturer for a given tem 
per range, is about ten points on the B seal 
using the load with '.-in. steel ball 
penetrator on thicknesses of 0.020 in. and heay 
ier. Thinner sections should be tested under 
the 60-kg. load and the hardness range slightly 
reduced, whether the material is to be used for 
blanking, forming, perforating, or drawing |) 
full-automatic, semi-automatic or manual feed 
ing methods. 
Although 


strictly to a hardness range similar to the above, 


manufacturers may 


discrepancies will be noted between the hard 
hess readings reported by the consumer upo! 
receipt of the strip steel and the testing record 


of the manufacturer on the same shipment « 
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terial. Incidents of this kind have brought 
out a more common recognition of the phe- 
menon of age hardening, which the writer 
ill now attempt to present briefly for practical 
pplication by readers interested in the chang- 
g physical properties of steel of the above 
inalvsis. 

Aging is a definite increase in hardness, 
elastic limit, and tensile strength with conse- 
quent loss in ductility or workability. It occurs 
during the period the steel is at rest at normal 
temperatures following the completion of cold 
work. This phenomenon has been recognized 
in many metals and alloys, both after quench- 
ing and after cold defor- 


mation. Many researches 


AGING OF BASIC STRIP 


- 

Heraness at Expected increase in 


rr 
lime of Rolling \ 5 Days JO Days Months 
+— + + 4 
| 
40 fo B-5( [0 < fs c 
8-50 to B-6 J to 4 units | 4 fo units 
5-60 to J fo Zunits 6 for 
to J fo 4 units | 4 fo O unt 00 
8-80 to B-H fo S units 4 te 


table at the top indicates the expected increase 
in Rockwell hardness units within definite 
periods. The samples were taken during the 
production of various thicknesses, and were 
not control samples for a laboratory investiga- 

tion. This method was 


used to secure averages 


have been carried on, 200 Doys 
both here and abroad, to 


determine its causes and 


possible control. 
The extent to which 


hasic open-hearth steel, 


in the form of low car- 


Hardness Units /ncrease 


hon cold rolled strip, 


iges under normal con- 


ditions appears to cover 


a considerable period of 


which would be ap- 
plicable to general mill 
practices and which 
would not be dependent 
upon any particular type 
or method of cold rolling 
procedure. 

Tests on annealed 
material are erratic. 
Some aged but. slightly 


within one month and 


0 
time, although it becomes > S S > showed a marked in 
noticeable about. five ~ crease thereafter. Other 
days after rolling is fin- Rockwell Haroness, 8 Scale annealed material fol 
ished. The results” of lowed the same general 
Increase in Hardness Due to Aging ae 
many tests made under of Low Carbon Strip Steel, Cold increase as medium tem 
standard mill conditions Rolled by Commercial Mill: Practice pers, although the in 


are assembled in a curve 

and a table. The curves show the average in- 
crease in Rockwell units; the data include all 
tests for periodic increase in hardness taken at 


various times during the past two vears. The 


crease was much slower 


The greatest amount of aging was found 
in tempers of a Rockwell hardness B-50 to SO; 
increases of some samples reached 10 to 11 
points on the B oseale during the seven-month 


period, Harder Lompers, 


GENERAL SPECIFICATIONS FOR BASIC OPEN-HEARTH LOW CARBON Colo RoUEO smp Higher. seldom hardened 


Arbitiaty, Minimum 


Rockwell angetion 
| | Temper Tensile Strength Llongath 
Index 
Herd 8-90 end over 60,000 
Herd |\B-75 toB-90\; 2 55,000 Min. 5 Max 20 
orter Hard \ B-60 to 8-76 45,001 Min 15, Max 39 
Sort 8-50 to 8-60 4 40,00 Min, 5: 
eed Soft | Under B-50 | | 40,000 Min dO 
| 
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more than oO or 6 points during 
this period of time. 
Some rather interesting ad 


ditional observations have been 


made during these tests which, 
g 
wig although known to science for 
g 
Megium soft some time, have not been given 
with the orain veneral recognition, While an 
nealed material appeared to 


ave more slowly and with 


erratic results, when subjected 


51 


ir : 
4 
5 
4 
(ra Crewing Guality | 


to a “pinch pass” (very slight reductions of 


0.0005 to 0.001 in. depending upon the thick- 
nesses being worked) this material is subject 
to moderate aging. It also appears that the 
speed at which the aging takes place is related 
to the amount of cold work in reduction from 
the annealed condition. The rate of aging is 
larger in some tempers — aging requires more 
time for the harder tempers than for the softer 
tempers, and the soft and medium tempers age 
to a greater extent within a specified time. 
Apparently, cold working in various degrees 
intensifies or retards the practical evidences of 
aging, within limited periods. If annealed strip 
0.020 to 0.060 in, thick is reduced 0.002 in. by 
cold rolling, aging becomes more rapid and pro- 
nounced. This probably accounts for the sim- 
ilarity of aging in the soft and medium tempers. 
If the material in the annealed state has 
a Rockwell hardness above B-50, the annealed 
hardness does not influence the aging which 
readily responds after cold working. Most ma- 
terial in these tests had an annealed hardness 
under Rockwell B-15 (many under B-10) which 
accounts for the great increase in hardness of 
the medium tempers after prolonged periods 
(ALL tests recorded in the B-10 to B-50 


hardness range have been subjected to cold 


of rest. 


working. The hardness ranges above B-50 are 
developed by varving amounts of reduction by 
cold working.) 

Several hard samples of cold rolled: steel 
of medium and high carbon content Capproxi- 
mately 0.605 and carbon) were also 
tested and found to age harden only to a slight 
degree, say 1L to 3 points, and then only after 
at least one month at rest. 

It has been recognized for some time that 
age hardening may be accelerated by subject- 
ing the material to temperatures of 200 to 600 
I. Por practical application, immersion in boil- 
ing water from 15 to 30 min. will indicate the 
extent of aging for one or two months under 
normal conditions of material at rest. 

Several theories have been advanced by 
scientists to explain this phenomenon of aging. 
Kk. W. Eho summarized them in an article en- 
titled “Seasoning of Steel” in last September's 
Progruess. Aging or seasoning is evi- 
dently a property possessed by many metallic 


Duralumin is a conspicuous example. 


Perhaps the most widely accepted explanati 
is known as the precipitation hardening theo: 
which postulates a supersaturated solution | 
tained at room temperature from which par! 
cles gradually precipitate, causing an increas 
in hardness. The theory agrees with the mo) 
recent iron-carbon equilibrium diagrams, whic! 
show a slight solubility of carbide in alpha ir 
from room temperature to approximately 1700 
F. This theory has been strengthened by i: 
vestigations on hardness changes in quenched 
low carbon steels, although conflicting opinions 
exist as to whether the precipitation of smal! 
particles causes hardness, or whether hardening 
is due to a rearrangement of the space lattic: 
resulting from the precipitation. 

The effect of carbon on the age hardening 
capacity of steel has received considerable at 
tention. Low carbon steels containing approx 
imately 0.0025°. carbon appear to age only to 
a negligible degree after cold working. Steels 
with intermediate carbon content up to 0.14 
have been reported to age in varying amounts 
consistent with the increased carbon. 

Others believe that the oxygen content, 
either as oxides or dissolved oxygen, has a 
determining influence. Developments in science 
appear to show that an increase in the oxygen 
contained in low carbon steel enlarges the area 
in the iron-carbon equilibrium diagram within 
which carbide is soluble in alpha iron. This 
lends further evidence to the theories of pre 
cipitation hardness. 

In concluding this brief discussion of the 
ability of low carbon steel to change in physica! 
properties following cold working, it should be 
apparent that specifications for cold rolled ot 
cold drawn material of a carbon content under 
O<.15', should make allowances for aging ot 
scasoning. With the increasing amount of in 
formation becoming available on the subject. 
slight changes in hardness, tensile strength, 
elastic limit, elongation and vield point may 
determined with more accuracy. Greater re 
ognition should be given to the changed prop 
erties of this type of material at the time « 
further fabrication, rather than at the time o! 
manufacture, since the consumer usually has 
the most information concerning the amoun! 
of workability which this twpe of steel shoul 
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By Charles W. Briaas 
ision of Physical Metallurgy 
Naval Research Laboratory 
Bellevue, Anacostia, D.C. 


Castings 
Hardened 


from below 


critical 


Paper for Buf- POSSIBILITIES of age hard- 
falo Conven- ening as a “low. internal 


tion, ALS.S.T., 


October, 1932 stress heat treatment” look 


Written dis- exceptionally encouraging 
cussion invited when various types of intri- 


cate and complex steel cast- 
Nes are under consideration. 

The term “low internal stress heat treat- 
nent” is used for a heat treatment below the 
ritical range. The usual type of heat treat- 
lent, especially that of hardening, sets up in- 
ernal stresses of various magnitudes in steel. 
‘hese, of course, generally arise from the con- 


raction and expansion of the steel traversing 
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the critical range, because a portion of the ob- 
ject may quite often be contracting while an- 
other portion may be expanding. This is espe 
cially true in quench hardening. Simultaneous 
contraction and expansion cannot exist ina 
heat treating operation below the critical range, 
and hence the term “low stress heat treatment. 

Several noteworthy textbooks, in discussing 
the hardening of steel, have definitely pointed 
out that in order to harden steel it is necessary 
to heat it above its critical range and then cool 
quickly, as any attempt at hardening by sudden 
cooling from temperature inferior to its 
critical range would result in but a very slight, 
if any. increase of hardness. Just how much 
latitude is to be placed on the term “very 
slight” is rather diflicult to say, Nevertheless, 
there is a heat treatment that involves sudden 
cooling from below the critical range that pro- 
duces important changes in the physical prop 
erties of the steel. This heat treatment takes 


advantage of the phenomenon of aging or sea- 


j 
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| @st steel, series D, 
quenched trom 680°C, 
aged at 100°C 


LBrinell Heraness 


(ast stee/ series 


quenched from 670%. 
“02 16 J? 64 126 


Time in Hours 


soning. The general operation is as follows: 
Heat the specimen to a temperature below 
the critical range, preferably between 600 C. 


(1100 F.) the A 


The specimen is then allowed to age 


and point, and quench in 
water. 
either at room temperature, or at slightly ele- 


vated temperature for a predetermined time. 


point is the average of ten measurements on 
many samples. In order to obtain compara! 
Brinell readings at the outset, it was found n 
essary to anneal the test pieces at 900) C. (165 
F.) for 14s hr. 

The 
were given these annealed pieces: 


Heated for half an hour at 670 


following series of heat treatmen 
Series 
(1240 
perature, and 
Series 
(ie 


perature, and 


F.), quenched in water at room ten 
aged at 100°C, 

Heated for half an hour at 680 
quenched in water at room tem 
aged at 100) 

Series E. Heated for half an hour at 680 
C. (1255° F.), 


perature, and 


quenched in water at room tem 
aged at 50° 
Heated for half an hour at 680 


F.), quenched in water at room tem 


Series F. 

(1255 

perature, and allowed to age at room temper 
ature. 


The hardness after 


No attempt will be made to go into the 
mechanism of aging in 
this article, as various 


investigations have 
given the subject con- 

attention, 
Whittemore’s 
ahead of 


this the 


siderable 
and Mr. 


article just 


Brinell Hardness 


one outlines 


lapse of time is grap! 
ically portraved in the 
figures on this page 

It will be 


that the hardness peak 


noticed 


comes during the se« 


theory. Much of it still 
requires experimental 


substantiation. A use- 


Progress, September, L931. 


ful summary was wrillen by Kk. W. 
published in 
All 


that through certain treatments the solid) solu- 


that is necessary point out here is 
bilitv of some of the constituents of steel is tem- 
porarily increased and upon lapse of time these 
constituents precipitate out of the solid solution 
and in so doing bring about an increase of hard- 
ness, tensile strength, and vield point, and a de 
crease of elongation, reduction of area, and of 
impact strength. 

lo show these effects a cast steel with the 
following analysis was used in the experimental 
work: Carbon 0.25°.. manganese 0.705, silicon 
phosphorus and sulphur . 
cul 


Hardness test pieces Ixl!ox in. were 


from the cast coupon, Only one Brinell impres- 


sion was made on each specimen. Various 
treatments were given the specimens after 
Which they were rough polished and the Brinell 


hardness again taken. Each reading or curve 
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2B ond or third hour of 
aging at 100° after 
which there is a soft 


ening effect, followed by a secondary increas: 
in hardness, though of a less magnitude than 
that obtained within the first 3 hr. A very smal! 
hump in the curve during the first hour is r 

corded. ‘This feature is unexplained, as is lik: 

wise the secondary hardness fluctuation; how 
ever, these features have been prominent in all 
curves (recorded by Brinell hardness 


aging 


tests) that have been obtained by the Naval Re 


S + 
+ 


‘ 
> 
x 


Brine! Haraness 


METAL PROGRES 


180 
{70 
‘ 
4 
‘Ay 
024 6 i Od 
=— 
I el, tem 
| 
| 


ich Laboratory. Herbert, in England, using 
pendulum hardness tester, has obtained 
) variations in his studies on aging. 
Those quenched specimens held at 50° 
ww oa maximum hardness at about 20. hr., 


hereas those specimens allowed to rest at 


gen atmosphere and water quenched. The 
following tests were made: 

Series A. As cast. 

Series B. Annealed at 900°C. (1650 F.), 
machined, quenched from 680° (1255 F.), 
and aged 20 hr. at oO) C. betore testing. 


Series G. As 


cast, quenched 
TENSILE PROPERTIES OF AGED STEEL CASTINGS mee 
from 
eries Treatment Tensile Strength Point Elongatk we (1255 F.). and 
— aged at 100 ¢ 
4 77 000 41 500 | 
A As cast 77,001 41,500 \ 27.5% | 32.5% | for 2 hr. and thr 
Annesled 900% 79,000 | 55,000) 25.5 | 40.2 Series H. As 
Annealed, quenched from 680T and aged 50° | 85,500 63,000 | 
Quenched at 680°C 81,000 50,000 | 18.0 26.) cast. quenched 
Quenched at 680°C end aged Zhr. et 100% 84,000 51,000 17.5 26.1 from 680 ¢ 
Quenched et 680°C end aged 4 hr. at 100% 80,750 50,000 | 79.5 54.7 (1255 F.) 
Quenched at 680°C 87,500 50,000 | 17.4 25.6 
Quenched at 680 end aged 20 hr at 50°C 68,400 65,000 | 15.0 16.7 aged at oO) ©. for 
680C ot 50T 65 50C 03,0Ul 15: 24 f >) hr. and IX her. 
Quenched et 680 61,750 51,000 | 18.3 
4 477M IGE a”) Series J. As 
Quenched at 680°C end aged days at room temp 67,001 6... | 
Wuenched at 680°C and aged 30 days et room temp 90,500 70,500 | 17.0 276 | cast. quenched 


room temperature show a hardness maximum 
at about 30 days. This curve continues to rise, 
but it is so gradual that 30 days can be taken as 
the proper time to reach the maximum. One of 
the noticeable features is that the lower the 
aging temperature, the longer is the time re- 
quired to reach highest hardness. and also the 
greater the hardness obtained. 

Slight temperature variations just below the 
critical range produce greater hardness varia- 
tions after quenching. This fact is shown well 
in Series C and D. Thus, in order to duplicate 
results, the quenching temperature must be ac- 
curately observed. Fortunately, however, the 
duplication of results is not so important as is 


he mnerease in hardness, which is comparable 


for individual aging temperatures. 

Correct seasoning time for maximum hard- 
hess was selected from the curves and tensil 
lest specimens prepared and treated corre- 
spondingly. 

In order that the results could refer = di- 
rectly to the as-cast conditions, most of the 
test pieces were machined from “as- 

ist’ bars, and the low stress heat treatment 
en performed. Some low stress heat treat- 
ents were given cast bars that had been 
thoroughly annealed. To avoid subsidiary gas- 


ig effects, specimens were heated in a nitro- 
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from 680 ¢ 
(1255 F.). and 
aged at room temperature for 21 days and 30 
days respectively before testing. 
The above table lists the results. 
low stress heat treatment gives better elon- 
gation and reduction in annealed cast steel than 
in steel as cast. It is likewise verified that aging 
at room temperature produces the greatest ten- 
sile strength, with an increase of 13,000 Ib. per 
sq.in. above the as-cast value (compare Series 
A and J). The vield point increased even more, 
29.000 Ib. per sq.in. 


Accelerate Seasoning Carefully 


In carrying out heat treating of this type, 
the aging temperature must be carefully con- 
trolled; this can be seen by the fact that by in- 
creasing the temperature from 50°) C. to 1000 © 
the best time drops from 20 hr. to 2 hr. whilk 
raising the temperature from 20° ©. to ¢ 
decreases the time from 30 days to 20 hr. At 
20) C. the hardness peak is reached in a few 
minutes. 

It was thought that perhaps the physical 
properties might change after a long period of 
time even though the aging peak had been 
reached. For example, after seasoning at 50 
©. for 20 hr. there was a possibility that the 


hardness might increase after a long stand at 


ui 
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room temperature so as to approach conditions 
as Obtained by simply resting at room tempera- 
ture. Or again, having reached the maximum 
hardness at 20 hr. at 50°) C., there was the pos- 
sibility that the specimen might soften if it were 
allowed to stand at room temperature. To an- 
swer these questions, specimens after aging 
were allowed to stand six months. Hardness 
readings were again taken; there were no 
changes in Brinell hardness. In other words, 
the physical properties obtained from the aging 


treatment are permanent. 
Avoids Hardening Cracks 


Low stress heat treatment can be readily 
applied to very irregular and intricate castings 
where the expansion and contraction obtained 
on heat treatment may result in serious injury, 
While this might be obvious to most, the reason 
is clearly seen in a typical dilation curve of a 
low carbon steel, copied from Publow, Heath 
and Batehelor’s Bulletin tl, “Observations on 
the Dilation of Several Common Steels.” Mich- 
igan Engineering Experiment Station and 
printed at the foot of this page. In a normal 
hardening operation, the cast steel object) ex- 
pands uniformly until itt reaches the critical 
temperature at which point the metal contracts; 
then follows a period of arrested contraction 
and then more contraction at the A. point. Sub- 
sequent expansion is approximately uniform to 
the temperature of 9000 ©. (1650 I.) and even 
to higher heats. 

Upon quenching from this temperature, the 
metal must contract to the Ar point, expand to 
the Ar, point, and then contract to room tem 
perature. Since rapidly cooling castings are not 
uniform ino temperature, one portion may be 
contracting, and another portion nearby con- 
tracting at a different rate, while still another 
portion is expanding. Under cireum- 
stances, stresses of such magnitudes are set up 
within the casting that it may crack. 

If, however, we quench from below the 
critical temperature, no expansion can occur, 
the contraction rates are practically uniform 
and the resulting stresses are ordinarily of 
minor importance, 

If more clongation and contraction are re- 


quired in an intricate casting than will be found 
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in it as it leaves the mold, it should first be 
nealed. The heating and cooling should both 
slow in order that there may be no temperat, 
gradient throughout the casting while in | 
neighborhood of the critical range. Thus 
eliminate possible stresses arising from im 
uniform contraction and expansion at 1200 {, 
1500) so treated will not ha 
as high a tensile strength as the casting that 
received only the low. stress treatment, | 
the elongation and contraction will be more in 
proved. These facts are contained in the ex 
perimental data; compare Series B with Serics 
Hi in the table. 

It would be definitely better to anneal pri 
vious to the low stress heat treatment if possi- 
ble, as the dendritic structure would then rx 
crystallize. Sometimes this cannot be done; 
an intricate casting might warp, and the uneven 
heating even of good practice might be detri 
mental. 

Enough has been said to prove that impor 
tant changes in the physical properties of steel! 
can be obtained by a low internal stress heat 
treatment, which involves quenching from he- 
low the critical range followed by subsequent 
aging. Such a low stress heat treatment per 
mits intricate castings to be treated which 
would otherwise fail by normal quenching (and 
possibly even by a normalizing treatment) lx 
cause of unavoidable contraction and expansion 


stresses. 
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Low Carbon Steel Contracts While Betng 
Heated Through the Critical Range; Ea 
panston on Cooling ls Somewhat Delayed 
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TECHNICAL PROGRAM, BUFFALO, OCT. 35-7 


Heat Treating of Steel 
Monday, Oct. 3, 10 A.M. 


OBSERVATIONS ON THE Errect oF NORMALIZING 
Viepium MANGANESE STEELS ON THE MicrosTrec- 

ne AND Puysicat Properties—-C. R. Austin, 
Westinghouse Electric & Mfg. Co., East Pitts- 
burgh. 

Scauine or Sreet at Hear Treating Tem- 
penarures—Clair Upthegrove and D. W. Murphy, 
University of Michigan, Ann Arbor. 

A Low Srress Hear Treatment 
C. W. Briggs, U. S. Naval Research Laboratory, 


Bellevue, Anacostia, D. C. 


Deep Etch Testing 
Vonday, 2:30 P.M. 


DeVELOPMENT AND Application or  MAcro- 
H. G. Keshian, Chase Companies, Wa- 
terbury, Conn, 

PREPARATION OF SPECIMENS For Deep Ercuine, 
Reacents, Time TEMPERATURE 
Yatsevitch, Watertown Arsenal, 
Watertown, Mass. 

Routine Disk INspreerion IN Quatiry 
V. Luerssen, Carpenter Steel 
Co., Reading, Pa. 

\N INrerpReTATION oF THE Deere Acw Ereu 
lyst aS Appriep ro Toot Streets J. P. Gill and 
H. G. Johnstin, Vanadium Allows Steel 


Latrobe. Pa. 
Research 
Tuesday, Oct. 4, 10 A.M. 


PRANSPORMATION IN THE Carnipe Puase Durine 
-H. A. Schwartz, National Mal- 
leable & Steel Castings Co.. Kent R. Van Horn, 
\luminum Co. of America and C. H. Junge, Na- 
tional Malleable & Steel Castings Co., Cleveland. 
Rowe or Nieken is 

French, The International Nickel Co... New 
ork City, and V. O. Homerberg, Massachusetts 
institute of Technology, Cambridge, Mass. 

CREEP CHARACTERISTICS OF MeTaus ar ELevarep 

A. E. White and C. L. Clark, 


niversity of Michigan, Ann Arbor. 
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Drop Forging 
Tuesday, 2:30 P.M. 


FurTHER EXPERIMENTS ON THE ForGreABILITY OF 
Sree.—O. W. Ellis, Ontario Research Founda- 
tion, Toronto, Canada, 

Benavion oF STEEL IN 
ATMOSPHERES AT Foraging —D. W. 
Murphy, University of Michigan, Ann Arbor. 

Street For Foraing R. E. Waldron, 
Dominion Forge & Stamping Co., Walkerville, 
Ontario, and N. L. Deuble, Republic Steel Corp., 
Massillon, Ohio. 

Drop Foraging Pracrice M. Steever, 


Great Lakes Forge Co., Chicago. 


Annual Meeting and 
Campbell Memorial Lecture 


Wednesday, Oct. 5, 10 A.M. 


Facrors Arrecrinc THE INHERENT HaAnpen- 
ABILITY oF C. Bain, Metallurgist, 
Research Laboratories, Steel Corp. 
Kearny, N. J. 


Sheet and Strip Steel 
Wednesday, 2:30 P.M. 


Pacrors INFLUENCING THE ANNEALING oF CoLp 
Sra -G. R. Brophy and L. L. 
Wyman, General Electric Co. Schenectady. 

AvrocrapHic Srress-Stran Curves or Deep 
Drawing Sueers—-Reid L. Kenvon and Robert 
S. Burns, American Rolling Mill Co.. Middle- 
town, Ohio. 

Principces or Lupricarion is Drawing 
Suerer A. Montgomery, H. A. Mont- 
gomery Co., Detroit. 

Acre Harpentine mm Low Cannon Sram 
Farle B. Whittemore, Wickwire Spencer Steel 
Co.. Worcester, Mass. 


High Speed Steels 
Thursday, Oct. 6, 10 A.M. 


General Electric leveland 
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A.S.8.T. TECHNICAL PROGRAM, 


Thursday Morning, Continued 


PROBLEM IN 


Pitkin, 


ATMOSPHERI 
Sam 


TEMPERATURI 
Sree. 
Inc., New York City. 


MoLyYBDENUM 


Tour, Lucius 


Kimmons, Cleveland Twist Drill Co. Cleveland. 


Speep 


Research 
Thursday, 2:30 P.M. 


ton, General Electric Co., Schenectady, 
Wim. P. 

THe TRANSFORMATION IN MANGANESI 
Streets Howard Scott and J. G. Hoop, Westing- 


house Electric & Mfg. Co., East Pittsburgh. 


of Michigan. 


and Wood, University 


Research 


Friday, Oct. 7, 10 A.M. 


A Simete Corrine Toot For Measuring Pres- 


BUFFALO, OCT. 


C1 W. 


and ©. EB. Kraus, University of Michigan. 


SURES IN THE Bost 


ALLOYS InON, MANGANESE AND 


Francis M. Walters, Cyril Wells, John Eeke! 


and V.N. Krivobok, Carnegie Institute of Tec! 


nology, Pittsburgh. 


INTERNAL FrRierion iN TRON AND TRON 
Robert S. Canfield, U. S. Naval Research Lal 
oratory, Bellevue, Anacostia, 

Corrosion Resisting Steels 
Friday, 2:30 P.M. 
The MaANuracrure or STAINLESS Streets E.R 


Johnson and KR. Sergeson, Republic Steel Corp 
Design or Hear Resisting ALLoy MEMBERS AND 
Ralf S. Coch 


ran, Surface Combustion Co., Toledo, Ohio. 


THem PeRPoRMANCE IN THE 


Al 
iN Various Mepia; THe Spray Test 
Wim. B. Arness and J. N. Ostrofsky, Alloy Re 


search Corp., Baltimore, Md. 


CORROSION RESISTANCE OF [TRON-CHROMIU 


COMBINED PROGRAM, NATIONAL METAL CONGRESS 
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Monaay. Oct. 3 esday, Oct 4 Wednesasy, Oct Thursday, Oct 6 Fridey, Oct. ; 
Morning Sessions 
eeT T ASS] 
COMING MCS Camobel! Memorial Lecture WESE 
Welding Society Welding Society Welding Society Welding Socets 
Non WSs Mots, ig Morrhan V2 ho, "0 gue spect - ‘05 
Automotive Engineers Drop forging lnstitute /nstitute of Metals 
Dols lade Associations brass and bronze 
Wire Associstion Wire Associetion Wire Assocation Wire Associat 
Material Handling Copper Wire Petenting Annua/ Meeting 
ASME & SAL. AIME. Divisions 
loint Luncheon Execute luncheon 
Afternoon Events 
Natione! Mets! Exposition Nationa! Metal Exposition Nationa! Mets! Exposition Nations! Melis! Exposition Nations/ Mets/ Exposit 
en Noon fo Mp oe. Yoon yy Open 907 ne. Noo, Ye) 4 fad 
AS ST ASST AS So T7 
Deweo Etch Sheet and Str Researc? 4 
Mechanical Engineers /nstitute of Metals /nstitute of Mete/s 
Ma ne lols ( per A, le 
+ _ + + - - + 
ALME (ron é Stee! Dwisior) | AI ME (ron € Stee/ division 
esearch 
— — + - + + 
Society Welding Society 19 Weloing Society 
Culting Research Welders Guelifications Pressure Vessels 
Wire Association ire Association Wire Assocation 
| Menegement Rubber Covered Wire Stainless Stee 
Meetings and Dinners 
vening Meetings and Dinner: 
Mechanical Engineers ALME Divisions ASS. 
Grinding and lutting lint Dinner Dinne 
Welding Society Welding Society 
Directors Dinner 
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AN 


IMPORTANT MEMBER 


OF YOUR FAMILY 


Tue telephone is something more than an instru- 
ment to carry your voice across the miles. It is 
a most important member of your family. 

Faithfully, constantly, cheerfully it serves 
you. Keeps you in touch with friends. Stands 
guardian over your home. Helps to put more 
pleasure and achievement into life and living. 
And does it all so capably. 

When you are moving. you keep your tele- 
phone in the old home until the last van has 
zone and you place the key in the lock for the 
final turn. You arrange in advance to have a 


telephone ready at the new address so there will 


be no break in your contact with the world. 
When a young couple starts housekeeping. When 
there is illness in the home. When somebody 
goes away. When distances are great. When 
emergencies arise. On all of these occasions the 
telephone earns its right to family membership. 

Day or night. any part of the telephone com- 
pany s army of skilled workers. intricate equip- 
ment. and millions of miles of wire is at your 
command, 

It is the Bell System’. constant endeavor to 
make the telephone worth more and more to 


every subseriber. 


AMERICAN TELEPHONE AND PELEGRAPH COMPANY 
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Cencentrates 


from recent literature 


RESS forging of the new Ford front axles 


requires only 2.6 min. as compared to 10 


min. for each end with hammer forging; pro- 
duction of connecting rods has been increased 
147. by restriking in a press instead of with 
a hammer. Another innovation in the produc- 
tion of the new Fords is the introduction of 
CONTINUOUS FORGING, as described by E. F. 
Ross in the July 18th and 
Steel. 
billets 


ends for spindle bearing supports. 


August Ist issues of 
Front axles are made from die-rolled 


with I-beam center section and solid 


These are 
heated on the ends only to 22007 F. by passing 


through a continuous gas-fired furnace with 


chain conveyor in the center and heating cham- 


bers on either side. Two operators remove the 


heated billets from the furnace and place them 
under an 1800-ton press which, with a singk 
stroke, forms the spindle bearings on both ends. 
The axles are flash trimmed, carried on ove: 
head conveyors to electric heat treating fur- 
naces, and pickled in the production line, using 
conveyor-type pickling units in) which acid 
fumes are completely eliminated by means of 
water seals at either end. Forging of Ford rear 
axle shafts is completely automatic from the 
charging of the furnace to the discharge of the 
Electric con- 
billets 
are held vertically by means of two chains so 
that 8 in. of the upper end of the shaft is heated 


to 22007 


axles from the forging machine. 


veyor furnaces are used in which the 


during the 10 min. it takes the billet 


= 
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fice of definition. 


oculars, 3 homal lenses 


CARL ZEISS 


METALLOGRAPH WITH INVERTED MICROSCOPE 


The focusing mechanism is independent of the rigidly supported stage. 
and ample steadiness is assured at all magnifications. 


Homal lenses provide for a maximum flatness of field without sacri- 


Metallograph with are lamp. 4 apochromatic objectives. 6 compensating 
I I = 
ce « price $) 


{ copy of descriptive catalog Micro 397 


CARL ZEISS INC., 485 FIFTH AVENUE, NEW YORK 


CARL ZEISS JENA 


296.50 f. bo N.Y. 


will be supplied on request. 


CARL ZEISS CARLZEISS 
Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif. JENA 
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travel the length of the heating chamber and 
wk. The shafts are automatically cleaned 
ee of scale, dropped into a socket, gripped by 
echanical tongs, and charged into the forging 
machine where the gear blanks are formed in 
four successive impressions. The furnace and 
forging machine are so synchronized that each 
has a production of 1500 forgings per hr. Each 
time a heated piece is discharged from the fur- 
nace, a piece enters the machine and a finished 


forging is discharged. 


oT in oil-cracking equipment is due 
chiefly to the formation of hydrogen sul- 
phide. Materials to withstand this action were 
discussed by J. C. Morrell and G. Egloff in May 
Industrial and Engineering Chemistry and again 
in July Velallurgia. The use of alkaline chem- 
icals has not proved satisfactory to combat 
OIL REFINERY CORROSION, nor have sprayed 
metallic coatings or metal plating such as chro- 
mium. Cement linings, referred to as ganister 
and non-metallic, have been applied success- 
fully to some installations in the field. Vessels 
made entirely of chromium or chromium-nickel 
steel would be satisfactory but are too expen- 
sive. Equipment lined with these alloys in the 
form of 12-gage sheet, has given good service 
over a period of two years without visible signs 
of corrosion, whereas plain steel vessels have 
corroded at the rate of about 0.18 in. of metal 
per vear. An 18% chromium steel is preferable 
to 18-8 for linings, because it is cheaper and 
has a coefficient of expansion very close to that 
of carbon steel. The lining is welded to the steel 


plate before the vessel is fabricated. 


N attractive finish for such things as radio 

cabinets, clocks, lamps, and automobile 
parts is known as “PEARL ESSENCE FINISH.” 
lt has an iridescent gloss giving an effect of 
depth, is obtainable in any color, and can be 
applied to metal as well as to wood and plas- 
tics. Its manufacture from crystalline guanin 
obtained from the fatty layer attached to fish 
scales is described by D. W. Leys in Autobody 
frimmer and Painter for May. The erystalloids 
re removed from the scales by churning with 


ecial detersive agents (Continued on Page 64) 
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“Made in U. 8. Aw” 
.-- by TRIEHLE 


HERE was a time when “Made In 

(anywhere but U. S. A.)” implied that 
whatever was being purchased was far su- 
perior to an American made product. 
@ That time has passed! And most of us 
know it. Most of us now know that “Made 
in U. S. A.,” on any product, stamps that 
product as one of the finest that can be 
made. American brains and American 
ability have come into their own. 
@ Particularly is this true of American 
made precision instruments and machines. 
And more particularly is it true when— 
“by Riehle” follows “Made in U.S, A.” 
@ Riehle built the first testing machine 
“Made in U. S. A.” It's a far ery from that 
simple piece of mechanism to the Riehle 
Precision Hydraulic Universal Testing Ma- 
chine of today—but the same pioneering 
spirit prompted both. And today the Pre- 
cision Hydraulic is as great an advance as 
was the first Riehle machine in its day. 
@ “Made in U. S. A.” —by 
Riehle, means much to the man 
or company contemplating the 


purchase of physical testing 


RIEKEHLE BROS 
.E os. 


TESTING MACHINE COMPANY 
1424 N. NINTH STREET, PHILADELPHIA, PA. 
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Where Specifications not reach 


The manufacture of alloy steel to render the high- 
est possible satisfaction under a certain set of con- 
ditions involves much more than adherence to 
specifications. There are many factors having a 
great influence on behavior under operations in 
your plant and on performance in service that are 
not and cannot be covered by specifications. 

In this field of intangibles lying beyond spec- 
ifications, the close contact maintained by Beth- 
lehem metallurgists between the customer and the 
plant is of great value. The men responsible for 
the control of the processes of manufacture are 


thus able to guide each operation with an eye to 
the requirements of the buyer, and the steel turned 
out is just the steel for the task. 


Be sure to see The BETHLEHEM EXHIBIT at 
The NATIONAL METAL EXPOSITION 


BETHLEHEM STEEL prminey GENERAL OFFICES: 
COMPANY BETHLEHEM, PA 
York, Boston Philadelphia, York, Wilke Barre 


Ww 
Washinator Atlanta Pittsburah Buta C lev and ndianat 
4 


C hicago t. Pau Milwaukee t. Lou Houston. Dalia Pacit 


< 
wattle Hon jlu. Ewe tributor Rethlehem te Export ¢ New 


BETHLEHEM 
ALLOY STEELS 


METAL PROGRE* 


ay 

‘ 

4! ‘ 
62 


CORROSION HEAT & WEAR RESISTING ALLOY STEELS 


EVASTAIN 


A NEW STAINLESS STEEL ALLOY POSSESSING * 
MARKED FABRICATING ADVANTAGES 


issociated Alloy Steel Co. at last is a stainless alloy steel where 
is the sole sales division for every atom of chromium does its bit) —a_ bal- B 
Corrosion, Heat and Wear anced homogenous alloy not a mere mechanical 
Resistant Alloy Steels for mixture. 
LUBLUN aves COMPANY kvery particle of chromium gives of its best in 
TIMKEN STEI Lé TUBE CO the fierce struggle to combat corrosion, 
\s well, Nevastain RA is easier to process in every = 


manufacturing routine. 

Nevastain RA grinds, polishes and buffs easily. 
with a beautiful blue white finish having the high 
lustre of chrome plate. 

It will machine, form, upset and deep draw with 
greater facility and less mechanical trouble than a 


any other stainless steel alloy. “ 
You cannot afford to remain uninformed about 
this new alloy steel. Write our nearest branch office 
for further data. 
General Office” Union Trust Bldg.. CLEV ELAND.O. 
Branch Offices NEW YORK ~ PHILADELPHIA ~ NEW HAVEN, CONN 
SAN FRANCESCO DETROIT ~ CINCINNATI CHICAGO. LOS ANGELES 
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Results 


use 


CHAR 


CARBURIZERS 
a 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BLDG. INDIANAPOLIS, IND. 
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comcentrates 


(Cont. from Page 61) — and are further purific 


and partially dehydrated in centrifugal separat- 
ors. Incorporation of this highly concentrated 
pearl essence (200 lb. of scales makes 1 Ih. of 
essence) into lacquer is described by W. J, 
Miskella in July Metal Cleaning and Finishing. 
Pearl essence finishing is done in practically (he 
same way as ordinary lacquering except that 
the air pressure should be about 20°. lower and 
the gun held 12 to 14 in. instead of 8 to 10 in, 
from the work, since it must be sprayed fairly 
dry. Preliminary color coats either may be pol- 
ished or left with the pebbly surface as sprayed, 
depending on the finish desired. Four to eight 
coats of essence are applied, care being taken 


to see that each coat is perfectly dried. 


1200x308-ft. hangar for naval dirigibles is 

now being built at Sunnyvale, Cal. for the 
U.S. Navy. In general, it is similar to the one 
at Akron, Ohio, where the ships are built. 
Mezannine WELDED FLOORS, 28 ft. wide, ex- 
tend the complete length of the building. <Ac- 
cording to C. A. Handschin, writing in Western 
Machinery World for July, these are of “battle- 
deck” construction; ,-in. plates, 24 in. wide ar 
laid so their edges butt over the center line ot 
3-in, I-beam joists. The ',-in. gap is are welded 
by hand with fluxed electrodes, and the surplus 
metal later ground off by a portable motor 
driven grinder. End joints between plates are 
welded with tacked-on butt-strap underneath. 
All 3-in. beams are also welded to 20-in. cross- 
beams spaced 10 ft. on centers. In all about 5 
miles of joint is to be welded, requiring 7 


tons of welding wire. 


OUGHENING a metal surface will increas 

the adhesion of electroplates, but not be- 
cause of any keying or locking action. M. de- 
Kay Thompson in July Metal Cleaning and bu 
ishing points out that rulings as fine as a diffra: 
tion grating, so fine they cannot be seen wilh 
unaided eve, are 10,000 times as wide as al 
atom. Depositing metal atom by atom on 2? 


\ 


ordinary ground surface (Cont. on Page ¢ 
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MAIN TAINED 
between TOOL GRINDS 


oe will protect the finished work from 
rust and corrosion, is perfect in its emul- 
sion; will not separate. It is hygienic and : 
will not become rancid after prolonged use. ; 
These are the reasons why leaders in the ar. 
metal cutting industry recognize the value of Cm of % 
Sunoco in producing better work at increased Springfield < 
N « ac 
output per machine unit. 
ompany, 
The Sun Oil Company offers assistance in Springfield, 
solving individual metal cutting problems 
through the services of Cutting Oil Engineers § 
who have had wide experience in the study 
of cutting oils and their application. _— 
Write any of our many branches, or to our * Se 
home office. OPERATION: HOBBING FLY- 
WHEEL STARTER GEARS 
MACHINE: BROWN & SHARPE NO. 34 HOBBING 
MACHINE 
I d MATERIAL: 50-60 CARBON STEEL : 
; “Ps GEAR: 8-10 PITCH (225 IN. DEEP 
The Sun Oi produces “of 
pe > ing ol -et every FEED: IN. PER REVOLUTION OF WORK 
a type of cutting tes wen nid LUBRICANT: 1 PART SUNOCO TO 10 PARTS ae 
metal cutting requirement. WATER 4 
SUN OILCOMPANY, Ltd., Montreal, Canada. patton | 
inctnnatt 
Grinders, Inc., 
Cincinnati, 
IC 
MACHINE: CINCINNATI CENTERLESS 
GRINDER 
of BLUE SUNOCO MOTOR FUEL aren 
LIMITS 
ROUND WITHIN 105 IN 
mont, Bridgeport, Buffalo, Chicago, Cincinnati, Cleveland, Columbus, 4, — a acy 
Jacksonville, Miami, Montreal, Newark, New York, Philadelphia, Pitts- STOCK REMOVED 101 IN : 
cuse, Tampa, Toledo, Toronto, Trenton, Tulsa, Wilmington, Youngstown. LUBRICANT. 
WATER 
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Tungsten Powder .. . 97-98% 
Pure Manganese . . . 96-97% 
Ferro-Chromium 60% 
Pure Chromium . . 97-98% 
Ferro-Tungsten . . 75-80% 
Ferro-Titanium . ‘ 25% 
Ferro-Vanadium.. . . 35-40% 


(1% Silicon) 


2021 


SEND 


METAL & THERMIT 
CORPORATION 
120 BROADWAY, NEW YORK CITY 


PITTSBURGH + CHICAGO - S. SAN FRANCISCO + ALBANY - TORONTO 


FOR 


For the first time the American Bell 
Type Vertical Retort Furnace will be 
shown... . This new furnace combines 


@ GREATER FLEXIBILITY 

@ GREATER UNIFORMITY 

@ GREATER ECONOMY 
than have ever heretofore been ob- 
tainable. .. . Don't fail to visit us at 
the Exposition in Bufalo to see and 
let us tell you about this new develop- 
ment If you do not attend the 
Exposition write for descriptive liter- 


ature just issued. 


AMERICAN 
GASJFURNACE CO. 


ELIZABETH, NEW JERSEY 
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concentrates 


(Continued from Page 69) are lapped then 


cleaned in sawdust. All rolls are tested 


hardness; the double draw has reduced |), 


hardness no more than 2 points. Samples ar 
cxamined under a microscope at 25 diameters 
for surface seratches. Diameters are checked 


in. 


by snap gages to 


CONTINUATION of Bailey's studies on 
the accuracy of thermocouples (noted i) 


these columns last December) is printed iy 


August’ Mechanical) Engineering. We welded 


28-gage constantan wires to both sides of a 
in. wrought iron plate, heated from one side by 
a flat spiral of resistance wire. Theoretically 
at aomean temperature of 809° FL the tempera 
ture of the hot side should be no more than 
F. 
THERMOCOUPLES registered 312 and 306 | 


respectively, showing the effect of conduction 


higher than the cool side. His two 


of heat away from the hot junction. Loss from 


this cause was T!.', over a fairly wide range of 
wires registered | 


20-gage 


tempecratures. 


low. Mercury thermometers plastered to the hot 
surface by “,-in. thickness of asbestos past 
registered 8. low. It has already been found 


by others that if two wires of a small thermo- 
couple are peened into adjacent holes in a metal 
surface, the errors due to surface films are elim 
inated. If they are then insulated and carried 
away in small grooves cut in the metal surface. 
the error due to conduction along the wire ts 


eliminated. 


IFTY-FIVE thousand tons of 1°, to 

plate will be WELDED PENSTOCK 
LININGS for the Hoover Dam by Babcock & 
Wilcox Co, 
Record, July 21, these pipes will range from 
S'. to 30 ft. in diameter, and will carry wate! 
at about S80 ft. head. 
steel are computed at 19,000 Ib. per sq.in., and 


three plates 12x35 ft. in area (the largest ne 


into 


According to Engineering News 


Working stresses in tly 


available) will be needed to make a single ring 
of the 30-ft. pipe, 12 ft. long. Two of these will 


be welded in the shop (Continued on Page «' 
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\W SSCO STRAIGHT-ROD REINFORCEMENT 


(patented) 


makes the difference 


The belts shown in photographs on both right 
and left were woven in the same mesh from 
the same wire. The only difference was the 
presence of the Straight-Rod Reinforcement in 
the left hand belt and its absence in the right 
hand belt. Both belts were photographed after 
the same period of work in 1800° F. The re- 


inforced belt carried twice the load of the oth- 


HAMANN er. Note the distortion of the belt that did not 
UU U UU 


have the advantage of the reinforcement. 


Straight-Rod Reinforcement is only one of the 


1,0, 0,0, . 
astabatstanatans many patented features that make Wissco 
i 
Metal Conveyor Belts the most economical 
AAAAAR AL belts to use for extreme temperatures, unusual 
chemical conditions, abrasive loads or ordi- 
4, 
: ats Wickwire Spencer Steel Company, 41 East 42nd St., New 
York City; Buffalo, Chicago, Detroit, Philadel- 
phia, Tulsa, Worcester; Pacific Coast Head- ge 2 Bataisteteete’s' 
quarters: San Francisco; Warehouses: Los Ang- 
eles, Portland, Seattle; Export Sales Department: 
oe contraction in width New York City. \ 2 28% contraction in width 
20% elongation 37% elongation 


: Wickwire Spencer Steel Co 
41 East 42nd St., New York City 
ae . I would be pleased to receive one of your new 
Handbooks on Metal Convevor Belts 
Neme 
Company 
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YOU ARE INTERESTED 


another Outstanding Performance- 


BULLETINS, DATA, ENGINEERING SERVICE UPON REQUEST... 


THE CARBORUNDUM COMPANY : Perth Amboy, N. J. 
(REFRACTORY DIVISION) 


Branches: Detroit, Cleveland, Chicago, Philadelphia, Pittsburgh 


Christy Firebrick Company, St. Louis, Kansas City, New Orleans, Houston Pacific Abrasive Supply Co., Los Angeles, San Francisco, Seattle 
Harrison & Company, Salt Lake City, Utah Denver Fireclay Co., El Paso, Texas Williams and Wilson, Ltd., Montreal—Toronto, Canado 
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* 


of the 
CARBORUNDUM COMPANY RECUPERATOR 


ona Malleable Iron Air Furnace 


HE recuperator in question is in operation at The Eastern 
Malleable Iron Co. at Naugatuck, Conn., on a 30-ton furnace. 
The high lights of its splendid performance show: 


~a fuel saving of 22°7 or a saving of 200 pounds of coal per ton of iron melted. 
reduction in time of heats. 
an improvement in the characteristics of metal tapped. 
greatly improved general combustion conditions. 
rapid rise of air temperature after firing is begun. 
the ability to handle the 2500 deg. Fahr. inlet gasses. 
a complete effective demonstration of the economy and the practicability of 
The Carborundum Company Recuperator. 


Much of the success of the recuperator is due 
to the employment of tubes of *‘Carbofrax’’ 
the Carborundum Brand Silicon Carbide Re- 
fractory. 

These tubes havea high heat conductivity— 
eight to ten times that of fireclay refractories. 

Core busters in the tubes greatly facilitate 
the transfer of heat from waste gas to air. 

The ‘‘Carbofrax"’ tubes maintain their re- 
fractoriness and physical strength even at 
the highest temperature encountered in in- 
dustrial furnaces. 

Long life of the tubes—their resistance to 
corrosive action—the absence of moving 
parts—the design of the recuperator—its 
low maintenance cost—its adaptability to 
practically all types of industrial furnaces 
particularly those requiring high flame tem- 
perature—these are some of its decided ad- 
vantages. 

And the cost is far less than you probably 
believe. 
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~ COLUMBIA SPECIAL carson 


ALUMINUM 


VIRGIN METAL 


AND 


ALLOYS 


FOR ALL PURPOSES 


INFORMATION, BOOKLETS ON REQUEST 


THE 


BRITISH ALUMINIUM CO. 


U. S. AGENCY: 


ARTHUR SELIGMAN 
122 EAST FORTY-SECOND ST., NEW YORK 


concentrates 


(Cont. from Page 72) into a section 24 ft. long 
given a stress-relieving anneal, and this unit 
weighing 150 tons, will be delivered to the tun 
nel by a cableway spanning the canyon. A}! 
pipe larger than 13 ft. will be made in a plan! 
to be erected at the site; fabrication is to by 
according to the A.S.M.E. code for unfired pres 
sure vessels. Welding must be done “with 
automatic apparatus by a process that will ex 
clude air from the molten metal. Each depos 
ited laver must be thoroughly peened” Thy 
entire length of each welded joint, whether 
made in the shop or in the tunnel, must be in 
spected by X-rays. One test specimen must by 
made for each 12-ft. length of pipe and it must 
show 100°, efficiency in the tension test. Girth 
seams in the tunnel “may be welded and strain 
relieved, or double-pinned outside butt straps 
may be used, cold-pinned for plates LT in. and 
thicker.” Work must start by Aug. 15, and all 


pipe must be installed before Mareh, 1938. 


NTENSIVE experimentation on thick-walled 

pump evlinders for operation at pressures 
up to 1500 Ib. per sq.in. showed that LOW CAR- 
BON CAST IRON was the best, according to EL 
H. Judson in Jron Age, July 21. To control this 
clement more closely than by adding steel to 
the cupola charge, metal from two cupolas ts 
mixed in known proportions. In one cupola 
soft gray iron is melted (2.40% Si, 3.505 ©). 
In the other the charge is 1100 Ib. steel rails, 
13> Ib. Si pig, 20°) spiegeleisen, and 180 
Ib. coke splits. Tuveres are 8 in. above the sand 
bottom, and the coke bed is 34 in. above top of 
tuveres (higher coke bed means more carbon 
pick-up). After the coke bed is burning well, 
the cupola is filled by hand and stands 75 min. 
with tuvere covers open for strong natural draft. 
White hot iron then appears in 5 to 6 min, after 
restarting the blast, and is tapped continuously. 
It contains about 2.5°, carbon. 7500 Ib. of it, 
mixed with 2000 Ib. soft iron, gives metal con- 
taining 2.0°, graphitic carbon, 0.75', combined 
carbon, silicon. Tt is poured at about 
77°) I. 


2770) Tensile test bars taken through the 


2! )-in. wall of a 2300-lb. (Continued on Page 80) 


METAL PROGRESS 


CLARITE SPEED STEEL 
te 
MAIN OFFICE AND WORKS” 3 
$00 E. STREET, CHICAGO HEIGHTS. ILLINOIS 
HOUSTON NEW ORLEANS ST. PAUL 
Tl KANSAS CITY NEWARK SAN FRANCISCO 


1599-1910 


ONEERING 


ORIGINAL PLANT, HARRISON, N. J., 1899 


1932... 


now a world supply source 


PLANT AT MILAN. TTALY 


for heat-resisting alloys 


and 


made by 


DRIVER-HARRIS COMPANY, Harrison. New Jersey 
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NEW 


Developed originally to protect ma- 
chinery in transit to tropical countries 


CRODA FLUID 


IS THE IDEAL RUST PREVENTIVE 


9 . Protects All Metal Surfaces 
Is Non-Hardening 
Can Be Brushed, Sprayed or Dipped 
_ Has Great Covering Capacity 
. Can Be Easily Removed 
CRODA FLUID is ideal for the protection of 


Finished Parts .. Raw Materials In Process . . Etc. 


e SEND TODAY FOR FULL DETAILS e 


COX. ASPDEN & FLETCHER 
26 CORTLANDT STREET NEW YORK, N. Y. 


will this... 


ROTARY HEARTH FURNACE 
PRODUCE BETTER HEATED 
PRODUCTS 9 
or you. 


We believe that many 
manufacturers now using 
the batch method will 
not only improve the av- 
erage quality of finished 
products, but will actu- 
ally save money by using 
this rotary hearth furnace 


Individual heating of 
each piece; no loss of 
e time through constant 


W. S. ROCKWELL 
COMPANY 


Industrial Heating Equipment 


50 CHURCH ST_, NEW YORK 


ecland olumbu ndian 


charging and discharging 
with steady working con- 
ditions for the operative 
better control—these are 
some advantages Oth- 
ers become apparent 
quickly when you read 
catalog No. 322C 
Write for a copy 


concentrates 


(Cont. from Page 76) evlinder casting had 
tensile strength of 16.500 Ib. per sq.in., Bring 


hardness of 212. The bore of the evlinder y 


ing; it was oil-tight at 3500 Ib.. and burst 
6000 Ib. pressure. In order to avoid: spon 
spots on top of castings, to reduce shrinkas 
generally, and to increase the “molten life’, th 
blast is controlled to a volume that) prevents 


oxidation of the cupola iron, 


ESTS indicating that light-weight gas evlin 

ders of alloy steel can successfully with 
stand high pressures and rough handling ar 
deseribed by F.S. Marsh in a paper to be pr 
sented before the British Tron & Steel Institut: 
on Oct. 15. Two analwses of Ni-Cr-Mo steel wer 
used to GAS 
CYLINDERS 30 to 35 in. long and 7.5 in. insid 


Hydraulic pres 


manufacture 19) experimental 
diameter, with 0.2-in. walls. 
sure tests, in which the evlinders were filled with 
water and pressure increased in stages of 500 
Ib. per sq.in., showed a slight permanent. set 
commencing at 3000 to 1000 Tb. per sq.in. Burst 
ing pressure was 6700 to 6800 Tb. per sq.in.. the 
evlinders bulging and breaking without frag 
mentation. Mechanical tests showed slight 
increase In vield point and decrease in elonga 
Three 


of the evlinders were charged with air to a pres 


tion and impact values after bursting. 
sure of 3000 Ib. per sq.in. Two were dropped 
from a height of 30 ft. onto a concrete block 
without noticeable damage. 56-Ib. weigh! 
was dropped on the third and made only a3 16 
in. depression. Crushing and flattening tests 


showed uniferm properties. 


ITH the acceptance by the A.S.M.E. Boile: 

Code Committee of fusion welding for al! 
classes of pressure vessels, considerable atten 
tion has been paid to the problem of ANNEAL- 
ING FOR STRESS RELIEF in welded joints 
The contraction upon cooling of each successiv: 
laver in a welded joint tends to narrow. the 
vroove being filled, thus warping the two plates 
if they are free to bend. Welded drums art 


not free to bend and = (Continued on Page S& 
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Cleveland Cutter & 


Reamer Company says: 


“Tool spoilage entirely eliminated.~ 


4 “Hardening production increased 20% to 50%. 


+ ~ Tolerance kept within tenths of one thousandth.” 


Vore uniform Rockwell hardness.” 


¢ “Less grain growth.” 


FIRMS who make tools of high speed 
and alloy steels now definitely recog- 

nize there are three absolute essentials in 
precision hardening. 

|. Precision control of temperature. 

2. Accurate timing. 

3. 100% control of furnace atmosphere. 
It isin the last of these. the perfect control 
of atmosphere. that the Certain Curtain Fur- 
nace has demonstrated such outstanding su- 
periority. The improvements in hardening 
produced for the Cleveland Cutter & Reamer 
Company are only one example among scores 
that ean be quoted from the users’ own words: 
“Reeords show life of tools increased one- 
third”. says a railroad. *Tools are free from 
distortion”. says a tool firm. “Definite im- 
provement in productive life of tools”. reports 
a machinery manufacturer. “Possible to hold 
tools at critical longer without danger of scal- 
ing. fusing of delicate points. or grain growth”. 


states a famous tool firm. 
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U.S. Patents 1.724.583; 1.849.714; 1.808,72 


Canadian and foreign patents msued and pending 


—since installing our ‘Certain Curtain Furnaces 


By eliminating loss of tools or injury to them, 
by increasing hardening room production, by 
improving the quality and inereasing the pro- 
ductive life of tools——in these ways Certain 
Curtain Electric Furnaces very soon repay the 
money invested in them. Their unusual abil- 
ity is due to the exclusive. patented Certain 
Curtain feature. which gives LOOC) control of 
furnace atmosphere. [t enables you to vary the 
atmosphere for each type of steel and to main- 


tain any desired atmosphere automatically. 


Write for Bulletin Precision Hardening” 


C. Il. HAYES, INC. 


Makers of Electric Furnaces. Established 1905 


129 Baker Street -- Providence, R.|., U.S.A. 


KEPRESENTATIVES 


2o26 West Washington seranton Road 
MO ADAMS &€ CO Philadelphy 1 W HAYDEN 
2070 West Grand Boulevard 265 th bifteenth Street 
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: TheVICKERS HARDNESS TESTING MACHINE 


. . provides a proportional and absolute standard of hardness by the 


plastic indentation method. There is nothing empirical 


about it. It wil 
test difficult specimens such as sheets under .007” thick; gear teeth on 
the working face; finished coil springs, etc., without damage. It is semi- 
direct reading and very fast In research work into the constitution 
and properties of nitrided steel! cases, after a trial of other Hardness 
Testing Machines, this machine was selected as the most suitable, as be- 
sides the hardness, it indicates the friability of the case, which is a meas- 


ure of its wearing qualities 


TERRITORIES OF UNITED STATES AGENTS FOR THE VICKERS HARD. 
NESS TESTING MACHINE: 


THE RIEHLE BROS. TESTING MACH, CO., 1424 No. Ninth Street, Philadelphia, Pennsyivanie 


All United Stat g Alaska, Hawaii and the f ppine isian 


CANADA: 
MESSRS. WILLIAMS & WILSON, 84 Inspector Street, Montreal, P. Q. 


NO STEEL OR ALLOY IS TOO HARD FOR TESTING ON THE VICKERS 


TO TT 
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TATEMENT OF OWNERSHIP, MANAGEMENT, CIRCULATION, ETC., 


Required by the act of Congress of August Treating, address at 7016 Euclid Avenue, 

24, 1912, of Mera ProGress, published Cleveland, Ohio. 

monthly at Cleveland, Ohio, for October 1, 3. That the known bondholders, mort 

1932, State of Ohio, county of Cuyahoga, ss. gagees and other security holders are: none. 
Before me, a notary public, in and for 

the State and county aforesaid, personally 

appeared Ray T. Bayless, who, having been 

duly sworn according to law, deposes and . , 

lull; ling le] tain not only the list of stockholders and 

says that he is the assistant secretary of the seni : : 

security holders as they appear upon the 

that the following is, to the best of his OKs Of the company Dut also, in Cases 

knowledge and belief, a true statement of where the stockholder or security holder 

the ownershi ) management etc of the appears upon the books of the company as 
trustee or in any other fiduciary relation, 

aforesaid publication for the date shown in ' . 


. That the two paragraphs next above, 
giving the names of the owners, stock- 
holders, and security holders, if any, con- 


the above caption, required by the Act of 
August 24, 1912, embodied in section 411, 
postal laws and regulations, to wit: 

1. That the names and addresses of the 
publisher, editor, managing editor, and 
business managers are: Publisher, Amer- 
ican Society for Steel Treating, 7016 Euclid 
Avenue, Cleveland, Ohio; Editor and Man- 
aging Editor, Ernest E. Thum, 7016 Euclid 
Avenue, Cleveland, Ohio; Business Man- 
ager, W. H. Eisenman, 7016 Euclid Avenue, 
Cleveland, Ohio. 

2. That the owner is: The American 
Society for Steel Treating, 7016 Euclid 
Avenue, Cleveland, Ohio, which is an edu- 
cational institution, the officers being: 
President, A. H. d’Arcambal; Vice-President, 
W. B. Coleman; Secretary, W. H. Eisenman; 
Treasurer, A. T. Clarage; Directors, J. M. 
Watson, B. F. Shepherd, C. F. Pascoe, H. D. 
McKinney and F. B. Drake. All above 
officers of the American Society for Steel 


the name of the person or corporation for 
whom such trustee is acting, is given; also 
that the said two paragraphs contain state- 
ments embracing affiant’s full knowledge 
and belief as to the circumstances and con- 
ditions under which stockholders and se- 
curity holders who do not appear upon the 
books of the company as trustees, hold stock 
and securities in a capacity other than that 
of a bona fide owner; and this afliant has no 
reason to believe that any other person, 
association, or corporation has any interest 
direct or indirect in the said stock, bonds, 
or other securities than as so stated by him. 


Ray T. Bayiess, Assistant Secretary 
of the American Scciety for Steel Treating. 
Sworn to and subseribed before me 
this 26th day of September, 1932. 

Antoun T. WEHRLE (Seal) 
Notary Public. 
(My commission expires January, 1935) 


METAL PROGRES 


_ 
: 
5: 
ae 
é SSG 
| 
84 


2,316 MORE MANUFACTURERS 
OUT TO CAPTURE BUYERS’ 


with a metal that stays forever bright... 


2,316 more companies have sent initial orders for Allegheny 
Metal. They are going after customers’ patronage with this 
everlastingly bright alloy — made into door knobs and kit- 
chen sinks — straps for wrist watches and refrigerator parts 
—automobile accessories and chemical piping — boudoir 
lamps, dairy equipment, laundry machinery, eyeglass frames — 
almost everything made of metal is now, or soon will be, 
offered to customers in lustrous, ageless Allegheny Metal. 


I’Sthe modern metal. Itisstronger 

than ordinary steel and as 
beautiful as freshly minted silver. It 
has no thin plating, no “protecting” 
coat of shellac—yet it stays forever 
bright without polishing. 

Go out and look at the radiator 
of a two-year old Model A Ford and 
see how gleaming and bright Alle- 
gheny Metal stays, after years of 
hard exposure and temperature 
jumps from boiling to cold. If the 
radiator is dirty and mud-spattered, 
a damp cloth is all it needs to 


QUICK FACTS 


1. Unsurpassed in corrosion re 


sistance. 
2. Can be drawn, stamped, ma- 


chined, cast, forged. 
3. Far «stronger than mild ateel. 
4. Will take any finish from dull 
te murror 
» Is non-magnetic. 
Resists denting. acrat« hing and abrasion 
Is readily annealed; may be welded and soldered 
Is produced in practically all commercial forms, 
immune to chemical reactions resulting from cooking 
ind preparation of food does not affect flavor, 
dor or purity of any food 
sa safe metal 
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make it shiny bright again. 

Orders coming into Allegheny 
offices this year promise that almost 
anything customers want to buy that 
is made of metal will soon be, or is 
already, offered by at least ONE 
manufacturer in this everlastingly 
bright Allegheny Metal. 

Five years ago, when it first at- 
tracted nation-wide attention, we 
said, “No man can foretell how 
widely this bright metal will be 
used.” At that time, it was getting 
its principal use in industry — in 


dairies, as the only alloy that will 
not taint milk—in chemical plants, 
as an acid-proof metal—in buildings 
as interior and exterior trim that 
must stand exposure without polish- 
ing. Since then it has been tested 
and tried in thousands of factories 
and more and more things are being 
made out of it for evervone to use. 
Whatever itis that you are mak- 
ing, your customers are looking for 
a product that is made with Alle- 
gheny Metal—because they expect 
it to be a better value when they 
buy it and know it will be an un- 
ceasingly better value as they use it 


ALLEGHENY STEEL COMPANY, 
Pa. Offices: New York, Buffalo, Chicago, 
Cleveland, Detrowt, St. Lows, Washington, Mil 
waukee, Los Angeles. Warehouse Stocks: Joseph T 
Ryerson & Son, Inc Chicago, Cleveland, Mil. 
waukee, St. Louw, Cincinnati, Detroit, Bufflak 
Boston, Jerseys City, Philadelphia In Canada 


Samuel, Son and Co... Lid... Toronto 


Manufactured pursuant to license from the Chemical foundation, Inc., under basic patents No. 1,316,817 & 1,339,376 
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Four-Ton Coreless Induction Furnace Ajax Electro- 
thermic Co. A description of the largest Ajax-Northrup 
coreless induction furnace now in operation. — Ilus- 
trated. Bulletin S-41. 


Vanadium Steel Castings Vanadium Corp. of Amer- 
ica offers a technical booklet describing the properties 
developed by vanadium alloy steel castings. Jerome 
Strauss and Geo. L. Norris wrote the booklet. Bulletin 
S-27. 


Springs -An elaborate 48-page catalog of springs, 
their design, manufacture, and engineering properties, 
has been prepared by Wickwire Spencer Steel Co. 
Bulletin S-37. 


Scleroscopes— Shore Instrument & Mfg. Co. describes 
its Model D standard recording scleroscope in a recent 
bulletin which explains the theory and practice of 
hardness testing with this machine. Bulletin S-33. 


Welding Electrodes Numerous applications of in- 
organic flux coated welding electrodes are described 
in a booklet just published by Metal & Thermit Corp. 
which earlier this year introduced Murex heavy min- 
eral coated electrodes. Bulletin S-64. 


Heating and Cooling Wire W.S. Rockwell Co. pre- 
sents interesting technical information on improved 
methods of heating and cooling wire, with special 
reference to uniformity of structure and finish in a 
new folder. Bulletin RO-339. 


Temperature Control Valuable engineering informa- 
tion on this subject is contained in a well-illustrated 
48-page booklet published by Foxboro Co. describing 
their line of temperature controllers. Bulletin S-21. 


Slit Ultramicroscope Bausch & Lomb Optical Co. 
has designed a new instrument which is especially 
adapted for the study of colloidal systems. An illus- 
trated folder giving full details is available. Bulletin 
A-35. 


Relays General Electric Co. describes its high 
speed, directional distance, directional overcurrent 
and time induction types of relays in a recently pub- 
lished folder. Bulletin A-60. 


Stainless Pipes and Tubes National Tube Co. has 
published a large and attractive brochure covering its 
line of U S'S stainless and heat resisting pipes and 
tubes. Valuable engineering data’ are presented. 
Bulletin A-92. 


Deoxidizing Steel Electro Metallurgical Sales Co. 
has published a new technical bulletin covering the 
use of silicon-manganese alloys for deoxidizing steel. 
Bulletin S-16. 


Temperature Measurements Leeds & Northrup Co. 
offers a 30-page booklet which discusses the applica- 
tion of their line of temperature measuring apparatus 
in power plants. Bulletin S-46. 


Nickel Steel. — International Nickel Co. is publishing 
a bi-monthly illustrated newspaper devoted exclusively 
to nickel alloy steels. Contains technical, semi-techni- 
eal, and news articles dealing with the production, 
treatment, and uses of these steels as well as other 
special features. Bulletin JU-45. 


Ferro-Carbon Titanium illustrated 111-page cat- 
alog technically describing this alloy and its use in 
steel for forgings, steel castings, rail steel, sheets, 
plates, ete., is offered by Titanium Alloy Mfg. Co. 
Bulletin J-90. 


Wear and Lubricant Tester—Timken Roller Bearing 
Co. has prepared a description of a new machine for 
testing load carrying capacity of lubricants, measuring 
friction and wear of materials. Bulletin M-71. 


“Carbonol Process for Carburizing Steels” is the title 
of the new 12-page bulletin published by the Hevi-Duty 
Electric Co. The bulletin describes the results and 
advantages of the Carbonol process of carburizing. 
Bulletin N-44. 


86 


New literature 


for the 


asking 


Micro-Metallograph—E. Leitz, Inc. A precision in- 
strument for making accurate photomicrographs with- 
out distortion and with absolute flatness of field is 
described. Bulletin M-47. 


Heat and Corrosion Resistant Alloys—General Alloys 
Co. A new bulletin is available on chrome-nickel and 
straight chrome heat and corrosion resisting alloys. 
Bulletin D-17. 


Peroxygen Compounds—A 24-page booklet issued by 
Roessler & Hasslacher Chemical Co. presents brietly 
the characteristics and uses of a number of peroxygen 
compounds. Bulletin M-29. 


Welded Pipe—Republic Steel Corp. has prepared a 
booklet on its electric weld line pipe and casing. Manu- 
facturing processes and performance data are pre- 
sented. Bulletin AA-8. 


Furnace Parts—Driver-Harris Co. has issued a bul- 
letin featuring furnace parts made of their alloys. This 
bulletin gives data and advantages of Nichrome and 
Chromax heat resisting alloys in the form of furnace 
parts. Bulletin N-19. 


Recuperators—Carborundum Co. The complete 
story of Carborundum Co. recuperators for indust! al 
furnaces, describing the type and covering operating 
conditions. Bulletin F-57. 


Chrome! Couples——Hoskins Manufacturing Co. Bul- 


letin contains technical data on pyrometer couples 
Bulletin M-24. 
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Hy-Ten Alloy Steels—Wheelock, Lovejoy & Co., Inc. Rust Preventive A recent publication of Dearborn 
“Pertinent Points” folders covering physical proper- Chemical Co. describes the well known rust pre 
ties, heat treatment and applications of all grades of ventive, No-Ox-Id, which is now offered as a paint iar 
H\-Ten Special Steels. Bulletin D-22. a ee in the colors red, gray and black. Bulletin 7 7 
U-36. 
Furnaces for the Steel Industry—The Electric Fur- 
nace Co. have issued a four-page folder illustrating Machine Heat Treating—-American Gas Furnace Co. t 3a 
and listing several electric and fuel fired furnaces of A 16-page illustrated booklet giving information on the 1% 
various types they have installed in steel plants. Bul- various types of conveyor heating machines available eae 
letin D-30. for heat treating on a production basis. Bulletin D-11. Pv 
Quenching—A new 80-page book, “Houghton on Low Power Microscope——Carl Zeiss, Inc., has pre- 
Quenching,” containing over 30 charts and photomicro- pared a booklet describing a new low power binocular ; 
craphs, has just been published by E. F. Houghton and microscope, magnifying 4 to 31 diameters, which is 
Co. MM-38. valuable in examining fractures, etc. Bulletin MIK-464e. 


Gilobar Elements and Accessories—Globar Corp. A 
new leaflet containing a list of standard industrial type 
Globar electric heating elements and a coordinated list 


f terminal mountings and accessories. Bulletin N-25. Metal Progress, 7016 Euclid Ave., Cleveland. G 

Circulating Oil Tempering Baths —A folder recently Please have sent to me the following literature as ont 
issued by American Electric Furnace Co. describes described under “New Literature” in the October ey 
several models of their electrically heated oil temper- issue of Metat Progress. (Please order by number.) ee as 
ing baths of the circulating type. Bulletin M-2. .% 


Welded Construction Bethlehem Steel Co. describes 
idvantages of welded construction in building machin- 
ery parts from rolled steel parts and shapes. Results 
ire said to be sturdier construction. Bulletin J-76. 


Ammonia Dissociators Ajax Electric Co. has a new _ 
vantages of producing hydrogen and nitrogen by dis- 
sociating anhydrous ammonia. Bulletin JU-83. 


Ingot Molds—Gathmann Engineering Co. The sub- 
ject of ingot molding is covered in a new book on this 
subject. Numerous illustrations of the effect of various 
methods of finishing and casting on the reliability of 
steel products are given. Bulletin D-13. 


Save the Surface 


of your 


High Speed Steel 


Improve Your Tools 
Eliminate Scale . . . Decarburization and Reduction in Size 


by using | 


Do you work skillfully to manufacture high speed steel tools that are of a definite size 
and finish, then burn away these tools to reduce their size and destroy their finish in ; cp. 
hardening? .... Any reduction in size of tools during hardening is positive proof of 
this burning. .... When the time of heat treatment is reduced to minimize burning, 
maximum hardness may be sacrificed. .. . . Do timing variations affect the size of your 
tools and does an excessive period in the hardening furnace produce increased reduc- 
tions in size or scale? Tools have been heated for one hour by the Sentry Diamond 
Block Method without burning away to produce any reduction in size, scale, decarbur- 


ization, or other surface changes, and tools retain their fine finish under this severe test. 


We invite you to confirm the above. .... Bulletins and prices on request. 


HE ENTRY OMPANY 
A Aa 4 a Other U.S. and Foreian , 


Patents Pending 


TAUNTON, MASSACHUSETTS 
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Still Plowing 


Improvements 
and Additions 
Are Being Made 
to Dearborn 

Service 
Constantly 


Dearborn Scientific Boiler Feed Water Treatment... . 
Dearborn methods have been based upon laboratory analy si- 
of water supplies ever since we pioneered in the field of scien- 
tite water correction nearly fifty years ago. The Dearborn 
organization will continue to devote its best energies, as al- 
ways, to finding a true analysis of the problem at hand and 


combating the trouble with the proper weapons. 


Dearborn Water Testing Cabinet... . This wall or port- 
able cabinet (illustrated) enables the engineer to test water 
samples, making all the tests required for efficient boiler op- 


eration. 


Dearborn New Improved Concentration Hydrometer. 


All readings on a single float. Low in price. 


Dearborn Treating Plants. ... \ccurate, inexpensive pro- 


portioning equipment suitable to every type of service. 


Cleaning Scaled Equipment. ... Dearborn special formula 


No. 134 cemoves scale from equipment of all types. 


Water System Protection... Treatment provided to pre- 


vent corrosion or scale formation in circulating systems. 


Cooling Water Treatment... . Special treatment to pre- 


vent seale tormation in cooling equipment, 


Dearborn Brine Treatment... .Clarities brine, inhibiting 


corrosive tendencies. 


NO-ON-ID. “the original rust preventive’. The NO- 
ON-TD Fillers were dev eloped as a base for paint over steel: the 
NO-ON-ID Master Coat as added protection for pipe limes. 


Dearborn Scientific Lubricants. ... 
lence supplied for the most exacting services. 


Dearborn Sealing Compound. ... \pplied to boiler set 
tings forms an odorless, non-inflammable, non-cracking tn- 


sulation against heat loss. 


Dearborn Cleaners... . \ complete series reliable and eco- 


nomical in every industrial service. 


Enlarge Your Use of Dearborn Service 


Kivery service described above is modern in its eflicieney and 
economy. Discuss them with your Dearborn Representative 
or with us. Address us at 310 S0. Michigan Ave., Chicago: 
205 St... New York: 2155 Dundas Toronto, Ont 
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Familiarize yourself with the full range of services 
Dearborn offers. They are the products of constant, 
purposeful research in the Dearborn Laboratories. 


Of unvarving excel- 


concentrates 


(Cont. from Page 80) consequently stresses a; 
set up within the weld metal and the shell plat: 
These stresses can be relieved by heating uni 
formly to at least 11007 F., preferably 1200 
or higher if this can be done without distortion 
A large annealing furnace for this purpose is 
described by E. C. Chapman in Fuels & Fu; 
naces for July. It is 64 ft. long and can hold 
any vessel up to 12 ft. diameter. Vessels ar 
lowered into it by means of a crane and ary 
supported by saddles properly aligned to pri 
vent distortion. The furnace can be partitioned 
for any length of drum. It is fired by 75 
gas burners, the hot gases entering through 


adjustable cracks for best distribution of heat 


CCASIONS sometimes arise when it. is 
necessary to redesign costly tools or dies 
alterations which are impossible or very 
difficult with nitrided tools unless the surfac: 
can be materially softened. W. J. Merten has 
SOFTENED NITRIDED PARTS by immersing in 
a bath of fused sodium potassium nitrate (see 
these columns for January, 1982). H. H. Ash- 
down in Machinery for August says it can be 
done by heating them in aluminum powder up 
to its melting point (1220) F.). The entire case 
may be fused away by holding the parts in 
a molten aluminum bath for several minutes 
“Denitriding™” is a misnomer for this process 
since the nitride needles are not removed from 
the case but partially diffuse into the steel, 
although diffusion and decarburization are less 
than in the salt process. Although the hardness 
is never reduced to that of the original piece 
before nitriding, it has been reduced from 937 
Vickers Brinell to as low as 120, and the piece 


is then readily machinable. 


N AN ATTEMPT to duplicate Herbert's re 
ported SUPERHARDENING of metals b) 
turning in a magnetic field, Y. Matuyame 
(Science Reports, Vohoku) University, July) 
compared the changes in hardness with time 
quenched duralumin (a) untreated, turnec 


ina magnetic field, and (¢) after passage of at 
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THE R. R. MOORE 
FATIGUE TESTING 
MACHINE 


A thoroughly practical and reliable 


machine for determining the life 


of metals. Adaptable to various 


shapes and sizes of specimens. 


e It has proven its value in the 


laboratories of scores of industrial 


corporations, government depart- 


ments and universities. 


WRITE FOR OUR PAMPHLET ON FATIGUE TESTING 


THE THOMPSON GRINDER COMPANY 


1534 WEST MAIN STREET SPRINGFIELD, OHIO 


“AMERICAN” 
ELECTRIC FURNACES 


American Electric Furnace Company 


ON HILLERN TREET BC ON, MA ACHUSI 


AJAX ELECTRIC COMPANY, INC. 


THE A 


ELECTRIC HEAT TREATING FURNACES 


VISIT BOOTH C-1 NATIONAL METAL CONGRESS 


THE AJAX AMMONIA DISSOCIATOR 


Cheaper Seurce of Pure Hyd-oaen and Nitroarn 


INVESTIGATE NOW! 
SEE IT AT THE BUFFALO EXHIBIT a es 
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concentrates 


electric current. The curves were 
parallel; fluctuations were within 
the local variations demon- 
strated to exist. Armeo iron, 0.60 and 
0.70', carbon steel, high speed steel, 
and K.S. magnet steel were also given 
magnetic treatments and tested with 
Vickers hardness machine. Results 
were within observed local varia- 
tions and indicated that magnetic 
treatment had no effective influence 
on hardness. K.S. magnet steel mag- 
netized measured 52.1 with Herbert 
pendulum and 50.4 when demag- 
netized, but this difference was 
shown to be due to the magnetic 
forces exerted on iron and_ steel 
parts of the Herbert tester, which 
increased the period of the pendu- 
lum and consequently the indicated 


hardness. 


When Production Resumes 


Courtesy of Collier's 


“Say Joe, did you get that cat and her kittens out of No. 2 mold?” 


Weekly and Richard Decker 


Accurate HARDNESS TESTS Made With The MONOTRON 
Are NOT Limited To The METAL SERIES But Applied To All 
The KNOWN MATERIALS ... But Why? 


BECAUSE .. the Monotron is a perfected Hardness Indicator meeting all requirements in both the Laboratory and Shop, 
yielding qualitative and quantitive values. ... The principle utilized is technically correct and the method employed is the 


ultimate method, which secures your investment in equipment of this kind. . . 
this machine, of which we are proud, have found what we claim. ... Why experiment with comparatively imperfect equip- 
ment when you can get what the other leading establishments are getting. . 
broken seale extending from the softest to the hard and superhard metals obtained without adjustment 
or changing of points. This vields the correet comparative values. ... The true Diamond Brinell at this 
time can only be measured with the Monotron. ... [tis wholly automatic, speedy and accurate and has 


dispensed with the microscope 


surfaces. ... Has the finest 


_) Se Tests the quantitative hardness of the thinnest 
ease hardening, depth thereof and hardness of the core as 
separate factors. ... Tests through scale and decarbonized 
agreements with other like ma- 


.. The Monotron has an un- 


. Our now extensive list of satisfied users of 
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Scleroscope (Dial Recording) 
on Swing Arm 


chines for specification purposes and can be fully rechecked 
independent of the maker in possible controversy... . . For 
additional information see our Bulletin M-3 and M-5. free 
upon request, 


For a Good Single Dial Tester We Offer The 
SCLEROSCOPE ... latest improved 


Quick. accurate, more popular than ever, it has the only simplified (Cent- 
igrade) scale which is understood and quoted the world over The only 
tester that is 100% portable, and operative on work of unlimited size 
Accurate conversions to Brinell 
Bulletins S No. 22 and S No. 30 mailed free 
We also make the Durometer universally adopted as Standard 
for testing the hardness of rubber 


The SHORE INSTRUMENT MFG. Co. 


Van Wyck Ave. & Carll Street Jamaica, New York, \. Y. 


Vonotron Model C Using Larae V ee Block 
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